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PREFACE. 


This  book— embodying  the  substance  of  Lectures  at  Teachers' 
Associations — has  been  prepared  at  the  almost  unanimous  request 
of  the  teachers  of  Ontario,  who  have  long  felt  the  need  of  a  work 
to  supplement  the  elementary  text-books  in  common  use.  The 
following  are  some  of  its  special  features  : 

It  gives  a  large  number  of  solutions  in  illustration  of  the  best 
methods  of  algebraic  resolution  and  reduction,  some  of  which  are 
not  found  in  any  text-book. 

It  gives,  classified  under  proper  heads  and  preceded  by  type- 
solutions,  a  great  number  of  exercises,  many  of  them  illustrating 
methods  and  principles  which  are  unaccountably  ignored  in 
elementary  Algebras. 

It  presents  these  solutions  and  exercises  in-  such  a  way  that 
the  student  not  only  sees  how  Algebraic  transformations  are 
effected,  but  also  perceives  how  to  form  for  himself  as  many 
additional  examples  as  he  may  desire. 

It  shows  the  student  how  simple  principles  with  which  he  is 
quite  familiar,  may  be  applied  to  the  solution  of  questions  which 
he  has  thought  beyond  their  reach. 

It  gives  complete  explanations  and  illustrations  of  important 
topics  which  are  strangely  omitted  or  barely  touched  upon  in  the 
ordinary  books,  such  as  the  Principle  of  'Symmetry,  Theory  of 
Divisors,  Factoring,  Applications  of  Horner's  Division,  &c. 

A  few  of  the  exercises  are  chiefly  supplementary  to  those  pro- 
posed in  the  text-books,  but  the  intelligent  student  will  find  that 
even  these  examples  have  not  been  selected  in  the  usual  appar- 
ently aimless  fashion  ;  he  will  recognise  that  they  are  really 
expressions  of  certain  laws ;  they  are  in  fact  proposed  with  a  view 
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::tft  lead  him  to  investigate  these  laws  for  himself  as  soon  as  he 
has  sufficiently  advanced  in  his  course.  Nos.  8,  9,  10  and  11 
afford  instances  of  such  exercises. 

Others  of  the  questions  proposed  are  preparatory  or  interpreta- 
tion exercises.  These  might  well  have  been  omitted,  were  it  not 
that  they  are  generally  omitted  from  the  text-books  and  too  often 
neglected  by  teachers.  Practice  in  the  interpretation  of  a  new 
notation  and  in  expression  by  means  of  it,  should  always  precede 
its  use  as  a  symbolism  itself  subject  to  operations.  Nos.  23  to 
36  of  Ex.  in.,  and  nearly  the  whole  of  Ex,  xv.  may  serve  for 
instances. 

By  far  the  greater  number  of  the  exercises  are  intended  for 
practice  in  the  methods  exhibited  in  the  solved  examples.*  As 
many  as  possible  of  these  have  been  selected  for  their  intrinsic 
value.  They  have  been  gathered  from  the  works  of  the  great 
masters  of  analysis,  and  the  student  who  proceeds  to  the  higher 
branches  of  mathematics  will  meet  again  with  these  examples 
and  exercises,  and  he  will  find  his  progress  aided  by  his  familiar- 
ity with  them,  and  will  not  have  to  interrupt  his  advanced 
studies  to  learn  processes  properly  belonging  to  elementary 
Algebra.  In  making  this  selection,  it  has  been  found  that  the 
most  widely  useful  transformations  ar^,  at  the  same  time,  those 
that  best  exhibit  the  methods  of  reduction  here  explained,  so  that 
they  have  thus  a  double  advantage.  A  great  part  of  the  exercises 
have,  of  necessity,  been  prepared  specially  for  this  work. 

Articles  and  exercises  have  been  prepared  on  the  theory  of 
substitutions,  on  Elimination,  &c.,  but  it  has  finally  been  decided 
to  hold  these  over  for  Pt.  ii.,  which  will  probably  appear  if  the 
present  work  be  favorably  received. 


CONTENTS. 


CHAPTER  I. — SUBSTITUTION,  HORNEB'S  DIVISION  &o. 

SECT.  1.— Numerical  and  Literal   Substitution 1 

SECT.  2. — Fundamental  Formulas  and  th^ir  Applications 10 

SECT.  3. — Horner's  Methods  of  Multiplication  and  Division,  and  their 

Applications    21 

CHAPTER  II. — PRINCIPLE  OF  SYMMETRY,  <fec. 

SECT.  1. — The  Principle  of  Symmetry  and  its  Applications 33 

SECT.  2. — The  Theory  of  Divisors  and  its  Applications 39 

CHAPTER  III. — FACTORING. 

SECT.  1. — Direct  Application  of  the  Fundamental  Formulas 62 

SECT.  2. — Extended  Application  of  the  Formulas 71 

SECT.  3.— Factoring  by  Parts 79 

SECT.  4. — Application  of  the  Theory  of  Divisors 83 

SBCX.  5. — Factoring  a  Polynome  by  Trial  Divisors 90 

CHAPTER  IV. — MEASURES  AND  MULTIPLES,  <fco. 

SECT.  1.— Division,  Measures  and  Multiples  101 

SECT.  2.— Fractions v 109 

SECT,  a.— Ratios    .* 122 

SECT.  4.— Complete  Squares,  <fcc 130 

CHAPTER  V. 

SIMPLE  EQUATIONS  OP  ONE  UNKNOWN  QUANTITY 138 

Preliminary  Equations.  Resolution  by  Factors.  Fractional  Equa- 
tions. Application  of  Ratios.  Equations  involving  Surds, 
Higher  Equations,  &c. 

CHAPTER  VI. 

SIMULTANEOUS  EQUATIONS 170 

Equations  of  Two  Unknown  Quantities.  Systems  of  Equations. 
Application  of  Symmetry.  Equations  of  Three  Unknowns. 
Systems  of  Equations. 

CHAPTKR  VII. 
EXAMINATION  PAPERS 207 


CHAPTER  I. 
SECTION  I. — SUBSTITUTION. 


Exercise  i. 

1.  If  a  =  1,   b  =  2,  c  =  3,  d  =  4,  x  =  9,  y  =  8,  find  the 
value  of  the  following  expressions  : — 

«-(X-y)-(l,-c)(d-a)-(y-b)(x  +  e). 

(a-x    d). 


d  +  a        d—c          d  —  b 

2.  If  a  =  3,  b  =  -  4,  c  =  -  9,  and  2*  =  a  +  6  +  c,  find  the 
value  of  the  following  expressions  :  — 
s(*-a)(s-b)(s-C). 
**  +  (s-a)2  +  (5-6)2+(*-c)2. 
t*-.(s-a)(s-b)-(s-b)(s-c)~(s-c)(s-a). 


3.  If  a  =  2,  b  =    -  3,  c  =  1,  a;  =  4fc,  find  the  value  of  the 
following  expressions  :  — 

a2-fe2      ^_±^     (a  -by      (a-  b} 
a3-63' 


a;2a;-8 


462c2-(a2-62-c2)2 

-    a    ^  c2(a- 
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4.     If  a  =  6,  b  =  5,  c  =  -.4,  c?  ==  -  3,  find  the  value  of  th< 
following  expressions  :  — 

v/(c2—  2or,c).  v/j&2+ac  +  v/(c«—  2ac)}. 
a*  -*>*     M       e 


5.  If  a;  =  3,  y  =  4,  *  =  0,  find  the  value  of  :— 


(a;3  -y3)^- 

6.  Calculate  the  values  of  («+y+«)>"8(«>+y>'+^)  when 

xyz 

(a)  x=l,  y  =  2,  «  =  3. 
(6)  aj  =  2,  y  =  8,  *  =  4. 

(c)  x  =  8,  y  =  4,  ^  =  5. 

(d)  a?=  10,  y  =  !!,«=  12. 

7.  Given  <e  =  3,  j/  =  4,  «=  —  5,  calculate  the  values  of 

)  (xy+yz+zx). 


(ISx-  6z)*. 
/ 
8.  If  s  =  a-f  6+e,  find  the  value  of 


,  gven 

(1)  a  =  3,  6  =  4,  c  =  5,  (2)  a.=  21,  6  =  20,  c  =  29, 

(8)  a  =  119,  6  =  120,  c  =  169,     (4)  a  =  3,  6=  -4,  c  =  5, 
(5)  a=5,  6  =  12,  c=-13. 
9.  If  «  =  1,  6  =  3,  c  =  5,  d  =  7,  ^9,/=ll,  prove  that 


ab     be     cd     de      ef      2  \  a      f 

_l+l  +  ±+_L  =  l/J-l) 

abc      bed      cde      dtf      4   \  ab      ef  /  * 


cdef      6  \a6c 


SUBSTITUTION. 


10.  If  a  =  l,  6  =  2,  c  =  3,  <2  =  4,  e  =  5,/=6,  #  =  7,  prove  that 


ab(a-{-b) 


11.  Assume  any  numerical  values  for  x,  y,  and  z,  and  calculate 
the  values  of  the  following  expressions  :  — 

(x*  -10z3  +  5^2  +  (5o;4-  10^2  +  i)2_  (3-2  +  1)5. 


Art.  I.  II  x  =  any  number,  as,  for  example,  8,  then  xz 
(•which  =  x.x)  —  Sec,  x3  -(which  =  x.x2)  =  3x2,  x*  (which  =  x.xs)  = 
3,3,  &c.  Oc-  3  =  »,  3a;  =  a;2>  3x*=x*,  3x*=x5,  &c.  Hence  j>rob 
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lems  like  the  following  may  be  solved  like  ordinary  arithmetical 
problems  in  "Reduction  Descending." 

EXAMPLES. 
1.  Find  the  value  of  x2  —  2x  —  9  when  x  =  5. 


5x 

-2* 

3aj 
5 

15  Explanation. 

—  9  x2  =  5x 

.-.  x*-2x  =  '3x=15,  and 

6  .-.  z2_2a;-9  =  15-9  =  6. 

2.  Find  the  value  of  x*  —  x*  —  4a;2  —  3ic  —  5  when  a;  =  3. 


Pi 


Sx 
3 


-5 

r,  ..  4, 


SUBSTITUTION. 

Explanation. 


8.  Find  the  value  of 

Using  coefficients  only,  we  have 

2  +  12  +  6-12  +  10 
-5 


PI  ........  -10 

+  12 

'i  ..........  +   2 

-   5 

"  .........  ^6 

"  .........  Ij 

PB  .........       20 

-12 

^3  .........         8 

-5 

P4  .........  -40 

+10 

r4  .........  -30 

/.    the  quantity  =  —  80  if  TC  =  —5. 

Art.  II.  If  the  coefficients,  and  also  the  values  of  x  are  small 
numbers,  much  of  the  above  may  be  done  mentally,  and  the  work 
will  then  be  very  compact.  Thus,  performing  mentally  the  mul- 
tiplications and  additions  (or  subtractions)  of  the  coefficients, 
and  merely  recording  the  partial  reductions  r1}  ra,  rs,  and  the 
result  r4,  the  last  example  would  appear  as  follows  :  — 


SUBSTITUTION, 


-5  )  2     +12     4-6     -12     +10 

2 

-4 

8 

-30 

Art.  III.  In  the  above  examples,  the  coefficients  are  "brought 
down"  and  written  below  the  products  plt  p%,  pB,  j»4,  and  are 
added  or  subtracted,  as  the  case  may  require,  to  get  the  partial 
reductions  rlt  r2,  rs,  and  the  result r4.  Instead  of  thus  "bring- 
ing down  "  the  coefficients,  we  may  "  carry  up  "  the  products  p L, 
P2,  p3,  j94,  writing  them  beneath  their  corresponding  coefficients, 
and  thus  get  rlt  r2,  r3,  r4  in  a  third  (horizontal)  line.  Arranged 
in  this  way  Ex.  2  will  appear 

1     -1      -4     -3     -5 
+  3     +6     +6     +9 


3 


1  +2     +2     +3;       4; 
and  Ex.  3  will  appear 

2  +12       +6     -12     +10 
_10     -10     +20     -40 


2       +2       -4       +8;    -80 

Comparing  these  arrangements  with  those  first  given  (Ex.  2 
and  8),  it  will  be  seen  that  they  are  figure  for  figure  the  same, 
except  that  the  multiplier  is  not  repeated. 

Art.  IV.  When  there  are  several  figures  in  the  value  of  x, 
they  may  be  arranged  in  a  column,  and  each  figure  used  sepa- 
'rately,  as  in  common  multiplication.  Where  only  approximate 
values  are  required,  "contracted  multiplication"  may  be  used. 

4.  Find  the  value  of  Sx5  -160z4  +  344a;3+700a;2-1910a;+ 
1200,  given  a?  =51. 

3     _160  +344     +700     -1910     +1200 
3         -7       -13  37         -23 

150  -350     -650         1850      -1150 


1 

50 


3 


4.37 


-23;       +27 


result  is  27. 
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5.  Given  x  =  1-183,  find  the  value  of  64a4  —  1 44^  +  45  correct  to 
three  decimal  places. 

64         0  0  -144  +45 


64  75-712  89-5673  -38*0419 

6-4  7-5712  8-9567  -3-8042 

5-12  6-0570  7-1654  -3.0434 

•192  -2271  -2687  --1141 


64,      75-712,     89-5673,       -38-0419,         --0036. 
.'.   result  is  --004. 

Exercise  ii. 
Find  the  value  of 

1.  z4-llz3-lla;2_13a;+ll,  fora?=12. 

2.  #4  +  50a;3  —  16x3  —  16#  —  61,  fora;—— 17. 
8.  2tf4  +  249#3  -125a;2  +  100,  for  a= -125. 

4.  2a;3-473a;2- 234^-711,  for  x  =  200. 

5.  ar5  -  3#2  -  8,  for  x  —  4. 

6.  z6-515a;5- 3127*4 +525s3-2090a;2+3156a?- 15792,  for  x 
=  521. 

7.  2a;5+401z4-199a;3+399a;2-  602z+211,  for  a:  =-201. 

8.  lOOOx4  —  81a;,  fora?=*l. 

9.  99z4  +  117x3-257a;2 -325x-50,  for  x  =  If. 

10.'5a;6  +  l(J7a;4  +  200a;3  +  196a;2 -218a;-2000,  fors=  -99. 

11.  5a;5  —  620a;4  — 1030a;3  +  1045a;2  -  4120^+9000,  for  x  =205. 
Calculate,  correct  to  three  places  of  decimals, — 

12.  z3  +  3a;2-13a;-38  for  a;  =  3-58443,  for  x  =-  3-77931,  and 
forz=  -2-80512. 

13.  y*-Uij*+y+38  for  y  =  8-18131,  for  y=  -1-84813,  and 
for  y=  -3-28319. 

Exercise  iii. 

What  do  the  following  expressions  become  (1)  when  »  =  «,  (2) 
when  x  =  -  a  ? 


2.  i/(x*-ax+a*).  3.   1/( 

4.  (x2  +  ax+a*)3-(x*-ax+a*)3. 
If  x  =  y  =  z  =  a,  find  the  value  of  the  following  expressions  i 


8  SUBSTITUTION. 


5-  (s-y)  (y-z)  (z-x). 

6-  (x+y)2  (y  +  z-a)  (x+z-a). 
7.  «(y+«)  (y*+^-x*) 

*.".*-: +JL 


y+z       x+z       x+y 
Find  the  value  of 


10.  .        _^+         _+- 
a(6-«)         6(c-a)        a(a;-c) 

ni       a;  a;          ,  a2  (b  -a] 

11.  —  -f  --  ,  when  x=         ___  L. 

a          b  —  a  b(b+a) 


12.  (rt-fa)  (b+x)-a(b  +  c)+x*,  when  a  = 

b 

13.  bx  +  cy+az,  when  a;  =  6-fc-a, 


a 

14.    AJIL  _Z_      -  _  when  a?=  -a. 

(l  +  b)-bx         a-2bx 


«.,       lx+a\  3 
15.       -  - 


16.  (p-q)(x+2r)  +  (r-x)(p+q),  when  «  =  7-l^-^ll. 


17.  a2(6-c)-{-&3(c-a)+c2(a-6),  when  «-6  =  0. 

18.  (a+b  +  c)  (bc+ca+ab)-(a  +  b)  (b+c)  (c+a),  when  a=  -6. 

19.  (a+6  +  c)3- 

20.  (x  +y+z)4>- 


21.  «3(c-62)-f  ^3(a-c2)+c3(6-a2)+a6c(a6c-l),  when6-a» 
~ 


22.  a.    -  +  6»  ',  when 

\  a5  -b*  I  \b6-a5  I 

23.  Express  in  words  the  fact  that 


24.  Express  algebraically  the  fact  "  that  the  sum  of  two  quan- 
tities multiplied  by  their  difference  is  equal  to  the  difference  of 
the  squares  of  the  numbers." 


SUBSTITUTION.  9 

25.  The  area  of  the  walls  of  a  room  is  equal  to  the  height  mul- 
tiplied by  twice  the  sum  of  the  length  and  breadth  :  what  are  the 
areas  of  the  walls  in  the  following  cases  : 

(1)  length  I,  height  h,  breadth  b. 

(2)  height  x,  length  b  feet  more  than  the  height,  and  breadth 
b  feet  less  than  the  height. 

26.  Express  in  words  the  statement  that 

•(*  +  «)  (x+b)=x*+(a+b)x+ab. 

27.  Express  in  symbols  the  statement  that  "  the  square  of  the 
sum  of  two  quantities  exceeds  the  sum  of  their  squares  by  twice 
their  product." 

28.  Express  in  words  the  algebraic  statement, 


29.  Express  algebraically  the  fact  that  "the  cube  of  the  differ- 
ence of  two  quantities  is  equal  to  the  difference  of  the  cubes  of 
the  quantities   diminished  by   three  times  the  product  of  the 
quantities  multiplied  by  their  difference  " 

30.  If  the  sum  '  of  the  cubes  of  two  quantities  be  divided  by 
the  sum  of  the  quantities,  the  quotient  is  equal  to  the  square  of 
then:  difference  increased  by  their  product  ;  express  this  algebrai- 
cally. 

81.  Express  in  words  the  following  algebraic  statement  : 


x  —  y 

32.  The  square  on  the  diagonal  of  a  cube  is  equal  to  three 
times  the  square  on  the  edge  ;  express  this  in  symbols,  using 
I  for  length  of  the  edge,  and  d  for  length  of  the  diagonal. 

83.  Express  in  symbols  that  "  the  length  of  the  edge  of  the 
greatest  cube  that  can  be  cut  from  a  sphere  is  equal  to  the  square 
root  of  one-third  the  square  of  the  diameter." 

84.  Express  in  symbols  that  any  "rectangle  is  half  the  rectan- 
gle contained  by  the  diagonals  of  the  squares  upon  two  adjacent 
sides."      [The  square  on  the  diagonal  of  a  square  is  double  the 
square  on  a  side.] 

35.  The  area  of  a  circle  is  equal  to  TC  multiplied  into  the  square 
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SUBSTITUTION. 


of  the  radius  ;  express  this  in  symbols.     Also  express  in  symbols 
the  area  of  the  ring  between  two  concentric  circles. 

36.  The  volume  of  a  cylinder  is  equal  to  product  of  its  height 
into  the  area  of  the  base,  that  of  a  cone  is  one-third  of  this,  and 
that  of  a  sphere  is  two-thirds  of  the  volume  of  the  circumscribing 
cylinder  ;  express  these  facts  in  symbols,  using  h  for  the  height 
of  the  cylinder,  and  ;•  for  the  radius  of  its  base. 

Exercise  iv. 
Perform  the  additions  in  the  following  cases  : 

1.  (b~a}x+(c-b)y,  and  (a+b]x+(h+c)y. 

2.  ax—  by,  (a  —  b)x-(a  +  b)y,  and  (a  +  b}x  —  (b  —  a}y. 

3.  (y-z)az  +  (z    x)ab  +  (x-y)b*t  and  (x-y)a*  -~(z  -y}ab  -  (x 


4.  ax+by-^-  cz,  bx+cy  +  nz,  an'Vi;  f  .-/•//  +62. 
5. 


6.  x(a-b)*  +y(b-c)2+z(c-a)*>    y(a—b)*.+z(b-c)*+x(c- 


and  (c-a)x*  +  (a—b)y*+  (b-c}z2. 

8.     a  +  bx  +  b+c-c+az,     b  +  cz  +  e+(ix  -  «  +       ,    and 


9.  a2-3«6-^2,  26»-t6s+cs,  «6-i6»+fc»,  and  2^-^s. 

10.  «af-36a;n,  -Qatf+lbx*,  and  -86a;n  +  10«a;n. 

1  1  .    What  will   (a«  —  by  +  eg)  -f-(6a;  -f  cz/  —  «z)  —  (ex  -f  ay  ~f-  62)   be- 
come when  a;  —  y  —  z  =  1  ? 


SECTION  II. — FUNDAMENTAL  FORMULAS  AND  THEIR  APPLICATION. 


4.  By  Multiplication  we  get 

(x  +  r)   0  +  s)=£c2  +  (r  +  s)  05  + r* A. 

a;-hr)(a;-hs)(a;  +  ^)  =  a;3  +  (r-fs  +  ^)a;2  +  (r5-|-^-f^)ir  +  r^ B. 

From  A  we  immediately  get 

[1] 
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[2] 
[8] 
(x+y)(x  —  y)=x*—  y*  .............................................  [4] 

From  B  we  derive 


y*  ..........................  ..........  [6] 

=  x*±y*±3xy  (x±y)  .......................................  [6] 


[7] 
+  3  (x+y]  (y±z)  (z  +  x)    ...............  [8] 

+  3  (x  +  y  +  z)  (xy  +  yz  +  zx)  —  Sxyz...  [9] 
62a6c  .......................................  [10] 

[The  symbol  £  means  THE  SUM  OF  ALL  SUCH  TERMS  AS] 
FORMULA  [1]  .  —  EXAMPLES. 

1.  We  have  at  once  (x  +y)*  +  (x  —  y)*  =  2(**  +  y9),  and 
(x  +  y)*  —  (x  —  t/)3  =4;n/. 


2.  (a  +  6+c  +  d)2+(a  —  6  —  c  -h  c?)3  may  be  written 
{(a  +  d)  +  (6  +  c)}2  -h  {(a  +  d)  —  (b  +  c)}\  which  (Ex.  1)  = 
a}  ;  similarly 


.-.  (0+6  +  c+  rf)a  +  (a  —  5  —  c  +  d)3  +  (a  —  6  4-  c  —  <f)z  + 
-  c  -  cQf  =  2{(a  +  4)2  +  (6  +  c)*+  (a  -  d)*  +  (b  -  c)«}  = 
(again  by  Ex.  1)  4(a*+b2+  c3  +  rf2). 

8.  SimpHfy  (a-f-fe+c)»-2(a+6+c)c+c»  ; 

This  is  the  square  of  a  binomial  of  which  the  first  term  is 
and  the  second  —  <:;;  the  given  quantity   .*.  = 


12  FUNDAMENTAL    FORMULAS, 

4.  Simplify  (a+b)*  -  2(«24-62)  (a-f  6)24-2(> 
By  Ex.  1.  2(«*  +  6*)  =  (a»+6»)»  +  (a»-6»)»;    /.    given  quan- 
tity =  («-f  6)4  -  2(rt2  +  63)  («  -}-  6)2  +  (a2  4-  62)2  +  (a2-  62)2  = 
(rt2-62)3=a4  +  2rt2/;24-/>4  =  ^2  4.62)2. 

Exercise  v. 


2.  Shew  that  (mx-\-ny)2  +  (nx  —  my)2  =  (?«2-f?i2)  (x2  +y2). 

3.  "        "     (mx  -ny)*  —  (nx  -my)  2  =  (m2  -  n2  )  (x2  -y2). 

4.  Simplify  (a  +  3b)2+2(a  +  3b)  (a-b)  +  (a-  b)2  ;  {a-b\*. 

5.  (a;  -4-  3)2  +  (^-f-  4)2-(a;+5)2,  and  (^2-2z/2) 


6.  Simplify  (a  +  6  +  c)2  +  (6  +  c)8-  2(6+  c)  («4-64-c) 

7.  Shew  that  (ax  +by)2  +  (ex  4-  dy)  2  4-  (at/  -  to)  2  4-  (cy  -  dx)  2  = 


8.  Simplify  (^- 

9.  " 


10.  If  a  4-  6=  -fc,  shew  that  (2^-6)24-(26-c)24-(2c-r/)24- 


11.  Simplify2(a-6)3-(«-26)3;   (a2  +4:d 

12.  " 

13.  " 


V  14.  Prove  that  (x-  y)2  +  (y  -z)*  +(z-x}2  =  2(x-  y)  (z- 


15.  Simplify  (l4*)4-2(l+aj8)  (l4-^2  +  2(l  4-x4). 

<    16.  " 

17.  " 

18.  .   " 

19.  " 
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20. 
21. 


23.  Simplify    (1+x+x* 
-x+x2-x*)*'+(l  +  x-x2-x*)*. 

24.  Simplify   (ax+by)*-2(a*x*  -f  6S2/2)  («;c 

- 

FORMULAS  [2]  AND  [8].  —  EXAMPL 


.4. 


5.  In  ILX.  3,  substitute  ft  -  c  for  jc,  c  -a  fory,  and  consequently 
b-afoix  +  y,  then  since  (b  —  a}2  =  (a  —  b}2,  Ex.  3  gives 


6.  Making  the  same  substitutions  in  Ex.  4,  we  have 


(c-«)3(a-&)3,  or,  multiplying  both  sides  by  4, 

c)2  4-  (c-rt)8}8=4(rt-6)8(6-c)8  +  4(6-  < 
-rt)3('*-&)3,  and  /.  from  Ex.  5,  (a-b)*  +  (b~ 
-6)3(6-c)3  +  2(6  -c)8(c-a 
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Exercise  vi. 

1.  (l-2x+3o;2-4a;3)3,     (1  -x  +  x*  -x*)*. 

2.  (l-2a;+2;e2-3:e3 

3.  (2a-6-c2-!)3, 

4.  (^3_a.2^/+a.y3_^ 

V    5.   Shew  that  (a3  4-63  4-c2)(a;2 


6.  Prove  that  (a  -f  b)x  +  (6  +  c)y  +  (c  X*)z  multiplied  by  (a  —  b)x 


+  (b  —  c)y  +  (c  —  a)z,  is  equal  to  the  difference  of  the  squares  of 
iwo  trinomials,     (a^tc  +  Ay  ^  <?  < )         •  ^-^  •/•  *y  W-  fl^'J  \w 

7.  Shew    that    (a-b)  (d-c)  +  (b-c)  (b-a)  +  (c-a)  (c-b)  - 

L|(a_5)2_J_(^_c)3_^(c_a)3j.=0.  ^ 

8.  Simplify  {a-(6-c)}3  +  {6-(c-  a)}2  +  {c-(a-6)}». 

9.  %Shew  that  (a2+6»-oj2)2  4-K  +  62  -»»)»  + 2(aa1 


10.  Prove  that  {(a-6)(6-^ 

-6)2  (6-c)2  +  (6-c)2  (c-a)2  +  (c-a)2  (a-6)2. 

1  1  .  Square  2a  -  ^60;  -  ±cx  +  2rte. 

12.  If  a*  -f  y  +  2  =  0,  shew  that  a;4  +  y*  +  2*  =  (a;3-2/2)3  + 


18. 


Art.  V.  To  apply  formula  [4]  to  obtain  the  product  of  two 
factors  which  differ  only  in  the  signs  of  some  of  their  terms  :  — 
group  together  all  the  terms  whose  signs  are  the  same  in  one  fac- 
tor as  they  are  in  the  other,  and  then  form  into  a  second  group 
all  the  other  terms. 

EXAMPLES. 

1  .  Multiply  a  +  b  —  c  +  dby  a—  b  —  c  —  d;  here  the  first  group  is 
a  —  c,  the  second  b+d;  /.we  have 
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2.  (1  4-  3*4-  3*3  +  ics)  (1  -  3*  +  3^2  -  z3.)  =  {(1  +  3«2)  + 

i)}=  (l+3o;2)2  - 


3.  Find  the  continued  product  of  a  -4-  A-f-c,  6+c-a,  e+a-fc  and 

&  —  c. 
The  first  pair  of  factors  gives  {(6  +  c)+a}  {(6+  c)-a}  =  (6-f  c-)1 


The  second  pair  gives  {a-(b  -  c)}  {a  +  (b-c)}  =a*-b*+2bc 
—  c8  ;  the  only  term  whose  sign  is  the  same  in  both  these  results 
is  2fc  ;  hence,  grouping  the  other  terms,  we  have 


4. 

The  expression    = 


Exercise  vii. 


2. 

8.    a2-a 

4.  {(a?  +  y)a:-y(aj-y)}  {(x-y)  «-y(y-»)}. 

5,  Simplify:  (z+3)  (a:  -  8)  +  (a;  +  4)  (a?-4)~  (a;  +  6)  (a:  -5) 
6. 

7. 

8.  (2a»-86s+4c»)(2a*  +  8&»—  4c»). 

9.  (2a+6-  8c)  (fc  +  3c-2a)  ;  (2a—  i  —  8c)  (6-3c—  2a). 

10.  (x4+2/4)  (»2+2/2)  (x+2/)  (X_?/). 

11.  (ajs+a;y+ys)  (x*  -xy+y*)  (x*  -x*y2  +y*). 

12.  (a+b-ab—1)  (a+b  +  ab+1). 

13.  Prove  (a2  +62  +c2)(fca  4-c-2  -  a2)(c2  -fa2  -  /^2)  (a2  -f 


14.  (a;2+2/2-|^)(a;2+2 

15.  (a:*  —  2a;3+3a;2—  2x4-1)  («44-2xs+3a;2+2a:-f  1). 
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16.  Multiply  (2aj—  ?/)aa  -  (x+y)ax  +x*  by  (<lx 

;  -a;3. 
Prove  the  following  : 

17.  a 


19. 

+  b+c-d,  (a  +  b-c  +  d)  (c+d+a  —  6)  (c-f  d-a 

20.  Find  the  product  of  x2  +//2  +z2  -  2a#  +  2a:z  —  2?/z  and  a;2 


21.  (ic3  +//3  +.»2/i/2)  (a;8  -aJ.y|/2+y»)  (a:*  -y*). 

22.  l- 


24.  Obtain  the  product  of  l+oj+z3,  x*+x  —  l,  x2—x  +  l,  and 


25.    (rt-62)3 

26    Shew  that  (x2  +  xy  +  </3)2  (x*  -  xy  +  .y2)2  —  (ar32/2)2 


FORMULA  A.  —  EXAMPLES. 

• 

1.  Multiply  a:9  -  #+5  by  a;3  —  x  —  7  :  here  the  common  term  is 
x2  —a?,  the  other  terms  +5,  and—  7,  hence  the  product  =  (x2  -x)* 
4-(_7  +  5)  (z2  -*)+(  -7  x  5)  =  (x9  -xy  -2(z2  -  x)-  36  =x*  - 
2X3  -a;2+2aj-85. 

2.  (x-a)  (aj-3a)  (o;+4a)  (x+Qa)  :  taking  the  first  and  third 
factors  together,  and  the  second  and  fourth,  we  have  the  product 

-  4a2)  (a:2 


Exercise  viii. 

-4);  (x-y+Zz)  (x- 


2.  (as  +  l.i  (a  +  5) 

3.  (aa  -3)  (««- 
4. 
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5.  (a*+.+r>  (*._n_9)  ;    g+f  -l)   g+£+  8J 


6. 

7. 

S.  (x*n+xn  -a) 

9. 


11.  Multiply  together  a?-  2  +  !/2,  z-2-fi/3,  z-^-y/2'  and 

SB-2-V/3. 

12.  (o:  +  a  +  6)  (x  +  b-c)  (x-a  +  b)  (x+b  +  c). 


14.  Prove  that 


FORMULAS  [5]  AND  [6]  .  —  EXAMPLES. 
1.  We  get  at  once 


2.  Simplify 

This  plainly  comes  under  formula  [5]  ,  the  first  term  being  a+& 
-t-c,  the  second  —  c  ;  hence  the  expression  is  {(a  +  b+c)—  c}*  = 


3.  Shew  that  (x-+xy+y*)*+(xy-x*  -y*)3- 


This  conies  under  iorniula  [6]  ,  the  first  term  being 
(x3  +xy+y'2),  and  the  second-  (z2  -xy+y2)  ;  we  have  therefore 


Exercise  ix. 

Simplify 


2.   (a  +  26)3  _(tf  _6)3,     (8a-6)»-(8o-26)«. 
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3. 

4.  (a_ 

5.  (x- 
6. 

7.  (a-b- 

8.  (3a-4y  -f  5z)3  -(5«  -  4y)3  +  8(62  -  4y)*  (8*  -  4y  +  5z)- 


9. 

10.  Shew  that  o(a-26)3  _fc(6_2a)8  =  (a—  fc)  (a+6)». 

11. 

12.  (a2  -f  a#  +2/2)3  +6(a;2-f  ?/ 

13.  Shew  that  «3(a3  +  263)3  +  63(2a3  +  6^)3  +  (3a262)s 


14.  Simplify  (a»-f-fcy)»4-asys+*3a;s  -3abxy(ax+by). 

.  What  will  as-|-63+cs-3a6c  become  when  a+6+c  =  0  ? 

16.  Find  the  value  of  x*  -2/6-Hs6  +  3a;2y222  when  a;2  -y2  +*a 
0. 

FORMULAS  [7],  [8]  AND  [9].  —  EXAMPLES. 
1.  Simplify  (2a;-3i/)8-h(42/-  5x)3+(3x-y)*~ 


By  [8J  this  is  seen  to  be  {(2a;-  %)  +  (4y  —  5x)  +  (Sx  -?/)}3  = 
(0)3=0. 

v^2.  Prove  that(a—6)3H.(6-c)s+(c-a)3  =  3(a-6)(6-c)(c-a). 

In  [8]    substitute  a  —  b  for  x,  b  —  c  for  y,  and  c  —  a  for  2;  for 
these  values  #+2/4-3  =  0,  and  the  identity  appeals  at  once. 

<    3.  Prove  (a+6  +  c)3  _(6+c-a)3  —  (a+c-b)*-(a+b—c)*  = 
VAabc. 

In  [7]  let  3j  =  6-{-c—  a,  y  =  c  +  a  —  b,  z  =  a+b  —  c,  and  therefore  « 
26,  and  this  identity  at  once  appears. 
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Exercise  x. 

1.  Cube  the  following  :  1  -z-fz2,  a-b-c,  1  --  2z-f3a;9-4a;3. 

2.  Simplify  (z2  +  2z-l)3  +  (2a?-l)(a2  +  2z-2)- 


V3. 

4.  Prove  that    (ax  -  fa/)3  -f  as?/3-63a;3  +  8afccy(oo5  -  %) 


5.  Simplify  (x-22/)3+(i/-22)3-l-^-2a;)s  4-  8(a;-y-2«)  X 
-«-2»)  (z-a;-2j/)  +  (a;+y+2)3. 

6.  Simplify  (2»a  -  32/2+422)3+(22/2  -  3z2  +  4x2)3  + 
22-3x24-47/2)3. 

7.  Simplify  (2«a;-fa/ 


-ax)  (2cz+ax-by). 
8.  Provea;3-h3a;22/-2/3)3  -f- 


Prove  the  following  : 
14     a»- 


*Note  that  the  right-hand  member  is  formed  from  the  left-band^mefcy  changing 
additions  into  multiplications,  and  multiplications  into  additiGbs  ?*qeuatf  in  (a^-y+ 
K).\x.y -\-y.z-\-z.x\  the  signs  +  and  .  may  be  interchanged  throughout  without  alter- 
ing the  value  of  the  expression. 
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*  15. 
(a+b  +  c). 

v    16.   (a  +  b  +  c)  {(a  +  b-c)  (b  +c-a)  +  (b  +  c-a)  (c  +  a-b)  + 
(c  +  a-b]  (a  +  b  —  c)}  =  (a  +  b  —  c)  (b  +  c-a)  (c+a-b)  +  Sabc. 

17.  a3+b3+cs+2iabc  =  (a  +  b  +  c)3  -3{a(b-c)~  +  b(c-a)2 


18.    a 


19.  (fl+6  +  c)  {(2a-ft)  (2ft-c)  +  (26-c)  (2c-a)  +  (2c-a)  x 
a-6)}  =  (2a-&)  (26  -c)  (2c-a 


X"  20. 


EXPANSION  OF  BINOMIALS. 
We  have  from  formula  [5] 

(a+b)*=  a3+3a2b  +  3ab2+b3  ;  multiplying  by  a  +b  we  get 
(a+b)*=a*  +  ±a3b  +  GaZb*  +  4:ab*  +  b*  ;  multiplying  this  by 
a+b  we  get 


From  these  examples  we  derive  the  following  law  for  the  form- 
ation of  the  terms  in  the  expansion  of  a+b  to  any  required 
power  :  — 

(1).  The  index  of  a,  in  the  first  term,  is  that  of  the  given  power, 
and  decreases  by  unity  in  each  succeeding  term  ;  the  index  of  b 
begins  with  unity  in  the  second  term  and  increases  by  unity  in 
each  succeeding  term. 

(2).  The  coefficient  of  the  first  term  is  unity,  and  the  coefficient 
of  any  other  term  is  found  by  multiplying  the  coefficient  of  the 
immediately  preceding  term  by  the  index  of  a  in  that  term,  and 
dividing  the  product  by  the  number  of  that  preceding  term.  It 
will  be  observed  that  the  coefficients  equally  distant  from  the 
extremes  of  the  expansion,  are  equal. 
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Exercise  xi. 

1.  Expand  (x+y)',    (x  +  y)*,    (x+y)*,    (x+y)". 

2.  What  will  be  the  law  of  signs  if  -y  be  written  for  y  in  (I)  ? 

3.  Expand  (a-  b)  6,    (a-  26)*,    (26-a)*. 

4.  Expand  (1+w)6,    (w  +  l)6,   (2w-fl)6. 

5.  What  is  ,the  coefficient  of  the  4th  term  in  (a  -b)1  °  ? 

.    6.  Expand  (ajs-y)*f    (a-2&2)5,    (a»-26»)«. 

7.  In  the  expansion  of  (a  —  6)12,  the  third  term  is  66a*  °63,  find 
the  5th  and  6th  terms. 

8.  Shew  that  (x+y)5  -x6  -y5  =  5xy(x+y)  (x2  +  xy+y2). 

9.  From  (8)  shew  that  2{(a  -  b)5  +  (b  -  c)&  +  (c  -  «)5}  =-. 
5(a-6)  (6-c)  (c  -a)  {(a-ft)»  -h  (6-c)»  +  (c-  a)3}. 


SECTION  III.  —  HOENER'S  METHODS  OF  MULTIPLICATION  AND 
DIVISION. 


EXAMPLES. 

1.  Find  the  product  of  kx3-\-lx2  +mx-^n  and  aa?2-f-&c+c: 
Write  the  multiplier  in  a  column  to  the  left  of  the  multiplicand, 
placing  each  term  in  the  same  horizontal  line  with  the  partial 
product  it  gives  : 

kx*         -f/z2          +mx         -fn Q 


ax2 


akx5        -f-rtfo4         +awxs      -\-anx2 

-f  bkx*        +blx*        +hnx2+bnx 
+  dx2 


(bn+cm)x+crt P. 

Art.  VI.  The  above  example  has  been  given  in  full,  the  pow- 
ers of  x  being  inserted  ;  in  the  following  example  detached  coeffi- 
cients are  used.  It  is  evident  that  if  the  coefficient  of  the  first 
term  of  the  multiplier  be  unity,  the  coefficients  of  the  multiplicand 
will  be  the  same  as  those  of  the  first  partial  product,  and  may  be 
used  for  them,  thus  saving  the  repetition  of  a  line. 
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2.  Multiply  8z4  -  2z3  -  2x  +  3  by  x2  +  3z  -  2. 

-2     +0     -2     +3 
4-9      -6     +0     -6     +9 
-6     +4     -0     +4 


+3 

-2 


8.  Find  the  product  of  (x~B)  («+4)  (x-2)  (x-5). 
+4 

-2 

-5 

-6z3-9a;2    +  94a;    - 
4.  Multiply  «8  -  4x2  +  2o;  -  3  by  2a;3  - 
1      -4     +2     -3 


1 

-8 

+4 

-12 

1 

+  1 

-12 

-2 

-    2 

+24 

1 

_1 

-14 

+  24 

-5 

-f   5 

+  70 

-120 

2 

2     -8 

+  4 

-6 

\x* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

b 

-3 

+  12 

-6 

+   9 

-6tf  +9 

In  this  example  the  missing  terms  of  the  multiplier  are  supplied 
by  zeros ;  but  instead  of  writing  the  zeros  as  in  the  example,  we 
may,  as  in  ordinary  arithmetical  multiplication,  "  skip  a  line  " 
for  every  missing  term. 

5.  Multiply  a;4  -  2z3  -i- 1  by  x4  -#3  +  3. 


1 

-1 
+  3 


-2  +o  +1  r 

_1    _o   +2   -0   -1 

+  3   +0   -6   +0   +3 


+3 
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6.  Find  the  value  of  (a;+2)(aH-8)(a?4-4)  («-|-5)-9(a: 


+  4 


1     4-5 
-9 

1     -4 

4-4     -16 
4-  8 


1     4-0     -13 
4-3  4-34-0     -39 

4-77 


4-2 


1     4.3     -13     4-38 

+  24-6      -26      +7fl 
-85 


-   9 


7.  Find  the  coefficient  of  .t4  in  the  product  of  x  — 
cx  +  d  and 


+p 


-c     +d 


-ap 
+9 


Exercise  xii. 


Find  the  product  of 
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-x7  +x9  -xl2+x13). 
2.  (l4-^5)(l-x54-»6)(l4-^4-^+^3+:c4). 

8.  (x-5)  (x+G)  (x-1)  (x  +  S);  (2x5-x*  +  l)  (**-aj4-2). 

4.  (a;34-5aj»-16a!-l)(aj8-5ar8-16ji?-|.l). 

5.  (6z«-a;5  +  2*4-2z34-^2+19a;4-6)  (8a;s4-4a!-f  1). 
Obtain  the  coefficients  of  a4  and  lower  powers  in 


6. 


7.  Multiply  2«7  -x8  4-3z  -  4  by 


x-  1. 
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Simplify  the  following  : 


8. 
9. 

10.  x(x 

11.  (aj- 

12.  Given  that  the  sum  of  the  four  following  factors  is  —  1,  find 
(1)  the  product  of  the  first  pair  ;  (2)  the  product  of  the  second 
pair  ;  and  (3)  the  product  of  the  sum  of  the  first  pair  by  the  sum 
of  the  second  pair. 

(1)     x     -He4   +:e13    -fx1* 

(2) 

(3) 

(4)     x6    +x7    -fa;10   +x11. 

13.  Given  that  the  sum  of  the  three  following  factors  is  equal 
to  —1,  find  their  product. 

(1)  x     -{-x6    +x*     +ajia 

(2)  x2    +#3    +xlQ    +x11 

(3)  x*    +XG    +x7      +XQ. 

Art.  VII.  Were  it  required  to  divide  the  product  P  in  the 
first  of  the  above  examples  by  ax9  +  bx+c,  it  is  evident  that  could 
we  find  and  subtract  from  P  the  partial  products  jt?3,  p3,  (or  what 
would  give  the  same  result,  could  we  add  them  with  the  sign-  -of 
each  term  changed),  there  would  remain  the  partial  product  jlj, 
which,  divided  by  the  monomial  ax2,  would  give  the  quotient  Q. 
This  is  what  Horner's  method  does,  the  change  of  sign  being 
secured  by  changing  the  signs  of  b  and  c,  which  are  factors  in 
each  term  of  j?a,  j>3,  respectively. 
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H- 

**    eo    w 

eis 
« 

^  72  ^ 

S 

g 

+     '       ' 

+ 

+ 

-t-        - 

1 

Hh 

^£     -tj* 

+ 

+ 

^ 

| 

1 
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<» 
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2.  Divide  3ze+7o;5-12a;4-i-2a;3  - 


-6  by 


-2. 


-3 

-1-2 


3     +7     -12  +2   -3  +13  -6 
_9     +6-0+6-9 

4-6-4+0-4+6 


0   - 


Compare  this  example  with  the  second  example  of  Horner's 
Multiplication,  performing  a  step  in  multiplication,  then  the  cor- 
responding step  in  division  ;  then  another  step  in  multiplication 
and  the  second  (corresponding)  step  in  division,  and  so  on. 


8.  Divide  a;7  - 


-  lx\+  12  by  z3- 


1     _s     +o     -4     +18  +0  -7  +12 

+  3     +o     -9     -36  -27 

-3-0+9  +36  +27  [a:7 

_}_!     +  0  -3  -12  -9 


+3 
-3 
+  1 


1  a;4   +o     -3z3-12a;-   9;       6z3+  8x  +3 
The  quotient  is  therefore  a4  —  3a2  -  12a;—  9,  and  the  remainder 
6a:2+8a;+3. 


4.  Divide  »8  -3a;7-5a;5+2a;4  +  5a;3  +  4z2  +  lbya;3  +  2a?-l. 
The  zero  coefficient  in  the  divisor  may  be  inserted,  or  it  may  be 
omitted  and  allowance  made  for  it  in  the  2#—  line.  See  examples 
4  and  5  in  multiplication, 


-2 


1  _3  +0  -5  +2  +5  +4  +0  +1 
-2  +6  +4  -4  -6  +2 

1  -3  _2  +2  +3  -1 


1   _3   _2  +2   +3       1;     0  +5    +0 
[a?8  -f  xs  =x5] .   The  quotient  is  therefore  a5  -  3z4  —  2x3  -4-  2#* 
+  8a?—l,  and  the  remainder  5x. 

5.  Divide  10z6  -llx5 -3x*+Mx*  +  10x*  +  2  by  5»3 
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Arranging  as  in  the  ordinary  method,  we  .have 


10 
+3 
-2 

+2 

-11    -3   +20 
6   -3   --   6 

-4  +  2 
+  4 

+  10  +0   +2 

+  12 
+  4-8 
-2-4+8 

5        2 

-1-2  +  4 

24-12+10 

We  first  draw  a  vertical  line  with  as  many  vertical  columns  to 
the  right  as  are  less  by  unity  than  the  number  of  terms  in  the 
divisor.  This  will  mark  the  point  at  which  the  remainder  begins 
to  be  formed.  We  then  divide  5  into  10,  and  thus  obtain  the 
first  coefficient  of  the  dividend.  We  next  multiply  the  remaining 
terms  of  the  divisor  by  the  2  thus  obtained.  Adding  the  second 
vertical  column  and  dividing  by  5,  we  obtain  —  1  ;  we  multiply 
by  the  —  1,  add  the  next  column  and  divide  the  sum  by  5,  and  so 
on  for  the  others. 

This  method  is  not,  however,  always  convenient.  If  the  first 
term  of  the  dividend  be  not  divisible  by  the  first  term  of  the  divi- 
sor, the  work  would  be  embarrassed  with  fractions.  We  may 
then  proceed  as  in  the  following  examples : 

6.  Dividea;5-3ic4+a;3+8x2-a;  +  3  by  2#3+a;2  -3x+l. 

Let  "2x  —  y,  or  x  =  ^—. 
Substitute  -^-  for  x  in  the  dividend  and  divisor,  and  we  have 

2 

y6         3y4         y3         3y2          y  2?/3         y'2        Sy 

~2~4       "  £1  "i     ~22~     '  ~%    +  &  4    ~23 ^  23  ~~  IT  "*"  * 


y5  —  2  x 


x  3 


22 


......  A. 
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Dividing  y*  -Gy4  +  4i/3  +  24y2  _l6?/  +  96by  ?/8.+v/3  -  6?/4-4  by 
the  ordinary  method,  and  the  quotient  by  2s  we  have 


l_     39?/3-  lUy  -28 

23'     ~  ' 


Substituting  for  y  its  value  2x,  and  simplifying  we  get 


7x 


17 


1       39z2-57a;-7 
T         "8"     "   8'    <&3^T2_  33.4.1 


By  comparing  the  dividend  of  A  with  the  original  question,  we 
find  that  we  have  multiplied  the  successive  coefficients  of  the  divi- 
dend by  2°,  21,  22,  &c.,  and,  omitting  the  first  term,  we  have 
multiplied  the  successive  coefficients  of  the  divisor  by  the  same 
numbers.  Dividing  then  by  Horner's  division  we  get  the  coeffi- 
cients 1,  -7,  17,  and  for  coefficients  of  remainder,  -39,  114, 
and  ,,28.  The  first  of  these  divided  by  2,  2  2,  2  3  are  the  coeffi- 
cients of  x2  &c.  ;  and,  -39,  &c.,  are  divided  by  1,  2,  22.  Hence 
the  work  will  stand  as  follows  :  — 


-1 

4 

1 

2 

4        8 

16     32 

1 

-6 
-1 

+  7 
4-6 

+  24 
-17 
-  42 
-    4 

-   16  +  96 

+  102 
+  28-68 

1 

-7 

+  17 

-39 

+  114+28 

1    -6  +4 


Quotient  =  -,+  -     - 


7x 
- 


17 
- 


,  »,-»--? 


7x         17         1 

T         ~8~   ""   5' 


*It  will,  in  general,  be  as  convenient  to  multiply  the  dividend  by  such  a  num- 
ber as  will  make  its  first  term  exactly  divisible  by  the  first  term  of  the  divisor,  and 
afterwards  divide  the  quotient  by  this  multiplier. 
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7.  Divide  &e5+2  by  3z3  —  2z+3. 

5o:5       0         0         0            0        +2  -=-  3 
1           3         9       27         81        243 

1       3 

5           000 

+  2               10   +20   -50 
-9                      -45    -90 

0  +  486 
—280 
+225   +1260 

-2  +9 

5     4.10   -25-140 

Coeffs.  of  Quotient  =  -^  —  f. 
3 

^.     ,.     ,   •     5a;3         lOic3 
(.Jnotipnt  ~               i 

-    55   +1746. 
10        25         140 

33        33          34 
25a;         140 

34     3_2+3- 
1       55»-582 

V^JUULU 

27           81 

81    Sx2  —  2x+3' 

-3 


a;3) 


Exercise  xiii. 

1.  Divide  6a;fl+5a;4  -  17x3  -6a;3  +  10a;-2  by  2*3+8aj-l. 

2.  (5z6 
8.  (a«- 
4.  (x5- 
6.  (a6  - 

Divide 

6.  4a 

7.  Wx5  +  5x*-Wx*  -44a;2+10a;+l  by  a;3  -9. 

8.  x5  —  x*y+x3y2—  x2y3-^-xy4:—  y5  \)yxs—yB. 

9.  Multiply  «4-4z3«  +  6x*a*—4xa.*  +  w*  by  z2  +  2xa  +  a3, 
ind  divide  the  product  by  a4  —  2a;srt+2qjas  -a4. 

Divide 

10.  x5-ax*  +  />x3  -bx2+ax-l  by  x-l. 

11.  6«5+7a;4+7a;s+6a;3+6a:+5  by 

12.  60(*4+^4)  +  91a;?/(a;3-2/3)  by  12a;3  - 
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18.  6z«  -481:^4-  79z4-f81a3-81a2+86a;-481  by  x-  80. 

14.  6z6-a54-2z4-2a34-2z2-|-i9:c  +  6b 

15.  o(rt  +  2fe)«-6(2o  +  6)»  by  (a-b)*. 

16.  (a;+y)s+8(a;  +  y)s«  +  3(z4-y)z24-z3  by  ( 


17.  10z104-10a;64-10z3-200  by  x7  +x3  -x  +  l. 

18.  bnix*  +  (6w-f  cm)x3-\-cux2  -\-abx-t-ac  by  6a:4-c. 

19.  Multiply  l+^ar-lSaj8  by  l-V^+jajS   and  divide  the 
product  by  1  -f  y  x  -  3x2. 

Find  the  remainders  in  the  following  cases  : 
20. 

21. 
22. 
23. 
24. 
25. 


Art.  viii.     The  following  are  examples  of  an  important  use  of 
Horner's  Division  : 

1.  Arrange  x3  —6x2+7x—5  in  powers  of  a;  -2. 

'  1  -6  7—5 

2  2         -8         -2 


2 
2 

1 

-4 
2 

-l; 

-4 

-7 

1 

-2; 
4-2 

-5 

i  1;  o 

Hence,  «3  -Go;2  +7aj-  5  =  (z-2)3  -  5(»-2)  -7,  or  as  it  is  gen- 
erally  expressed,  a;3  -  6x2  -\-lx- 5  =  yB  —  5y  —  7  if  y  =  x— 2. 
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2.  Express 


-3 


-3 


-3 


-3 


in  powers  of  z-f  3. 


1 

12 

47 

66 

28 

-3 

-27 

-60 

-18 

1 

9 

20 

6; 

10 

-3 

-18 

-6 

1 

6 

2- 

0 

-3 

-9 

1 

3; 

-7 

-3 

1; 

0. 

Hence 

After  a  few  solutions  have  been  written  out  in  full,  as  in  the 
above  examples,  the  writing  may  be  lessened  by  omitting  the 
lines  opposite  the  increments  (—2  in  Ex.  1,  and  3  in  Ex.  2),  the 
multiplication  and  addition  being  performed  mentally.  The  last 
example  written  in  this  way  would  appear  as  follows  : 

66         28 
6       (10) 
(0) 


-3 


12 
9 

6 
8 

(0) 


47 
*20 

2 

(-7) 


Exercise 


xv. 


1  Express  z3  —  5x2  +  3x-8  in  powers  of  a:—  1. 

2.  "       a;3  +  3ic2+6a:-h9  "          x+1. 

3.  "       ,-e4—  8z3+24z2-32o;+97  in  powers  of  z 
I.        "       a;4  +  12z3-f  5x2-7 

8a5 


a;— 
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CHAPTER  II 
SECTION  I.— THE  PRINCIPLE  OF  SYMMETRY. 

Art.  ix.  An  expression  is  said  to  be  symmetrical  with  respect 
to  two  of  its  letters  when  these  can  be  interchanged  without 
altering  the  expression  : 

Thus  if  in  as  +  a2x+ax2+x*,  we  write  x  for  a,  and  a  for  x,  we 
get  x3+x*a+xa2 +as,  which  is  identical  with  the  given  expres- 
sion. Sp,  in  x2+b2x+ba+a-x,  if  we  interchange  a  and  b,  there 
results  x2  +  a'2x+ab  +  b2x  which  is  identical  with  the  given  ex- 
pression. ;  but  it  will  be  seen  that  the  expression  is  not  symmetrical 
with  respect  to  x  and  b,  or  x  and  a. 

An  expression  is  symmetrical  with  respect  to  three  of  its  letters 
'ft,  b,  c,  when  a  can  be  changed  into  6,  b  into  c,  and  c  into  a,  without 
altering  the  expression. 

Thus  a3  +63  -J-c3 — 3a6c  remairfs  unaltered  by  changing  a  into  b, 
b  into  c,  and  c  into  a,  and  is  therefore  symmetrical  with  respect 
to  these  letters.  So,  a»6-J-dfa-f  asc+c»a-f  i^^-M,  and  (a-6)« 
_{_^_o)3  -|-(c  —  a)3,  are  each  symmetrical  with  respect  to  a,  b,c. 

Again  (x-«)  (a- 6) 2 +  (*-&)  (&-c)2  +  (x-'c)  (c-a)2  is  sym- 
metrical with  respect  to  a,  b,  c,  but  not  with  respect  to  x  and  any 
of  the  other  letters. 

Generally,  an  expression  is  symmetrical  with  respect  to  any 
number  of  its  letters  a,  b,  c,  .  .  .  h,  k,  when  a  can  be  changed 

into  6,  b  into  c,  c  into  d h  into  k,  and  k  into  a,  without 

filtering  the  expression. 
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A  symmetric  function  of  several  letters  is  frequently  represented 
by  writing  each  type-term  once,  preceded  by  the  letter  z  ;  thus  for 
.  .  -|-J!  we  write  2a,  and  for  al)-\-ac+ad  +  .... 
.  .  (i.  e.  the  sum  of  the  products  of  every  pair  of 
the  letters  considered)  we  write  Za6. 

Exercise  xv. 

Write  the  following  in  full : 

1.  2«2^,  2(^-&)2,    2a(b— c),  ?ab(x—c},    2«3&2Cj    ^(a  +  b) 
X(c-a)(c—b],  2  {(«+c)s-63},  and  2a(fc+c)3,  each  for  a,  6,  c. 

2.  2a6c,    2«26,    2«2fo,    2  (a  —  &),  and   Za2(a-b),  each  with 
respect  to  a,  b,  c,  d. 

Shew  that  the  following  are  symmetrical : 
8.  (x+a)  (a-\-b)  (b+x)+abx,  with  respect  to  a  and  b. 

4.  (a  +  b)2+(a  —  b)2  with  respect  to  a  and  b,    and  also  with 
resnect  to  a  and  —b. 

5.  (ab —xjY —(a^-b  —  x  —  y)  {ab(x-{-y)—xy(a-{-b)}  with  respect 
bo  a  and  b,  and  also  with  respect  to  x  and  y. 

6.  a-(b—  c)  —  b2(a  —  c)  —  c2(6  —  a)  with  respect  to  a,  6,  c. 

7.  (ac+M)2  -f(frc  —  a/7)2  with  respect  to  a3   and  62,  and  also 
with  respect  to  c2  and  d2. 

8.  a;6  +?/G4-3a;^(a;24-^+2/3)  with  respect  to  x  and  t/. 

9.  {«3-?/3+3^(2a;-h2/)}3-f  {y3-a;3+3a;?/(22/+a;)}3  with  res- 
pect to  a;  and  y. 

10.  «(a-f26)3+6(6+2a)3  with  respect  to  a  and  fc,   and   also 
with  respect  to  a  and  —  6. 

11.  «&[{(«  4-  c)  (6+c)  +  2c(a  +  6)}2  -  (a-c)2  (6-c)«]    with 
respect  to  «,  6,  c. 

12.  <i*/>2-f  62c2+c3a2+2a6c(a  +  i+c)  with  respect  to  a6,  6c,  ca 
With  respect  to  what  letters  are  the  following  symmetrical  ? 

13. 
14. 
15. 
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16.  (x  +  y)  (x-z)  (y-z)-xyz. 

17.  a 

18.  x«- 
19. 


20. 
21. 

Select  the  type-terms  in  : 

22.  rt 

23.  a(b*-c*)+b(c*-a*)  +  c(a*-b*)  +  (a  +  b)  (6+c)  (c+a). 

24.  a(6+c')2  +6(c  +  a)2  +  c(a-f-6)2  -  12a6c. 
Write  down  the  type-terms  in  : 

25.  OH-?/)5,  (a;-y)fl,(x  +  y)«-3:«-y«'. 

26.  (as+.yj'  +  fc.-y)7,  (x+y)i-(x-yy. 
27. 

28.    a 
29. 


Art.  x.  In  reducing  an  algebraic  expression  from  one  form 
to  another,  advantage  may  be  taken  of  the  principle  of  symmetry  : 
for,  it  will  be  necessary  to  calculate  only  the  type-terms,  and  the 
others  may  be  written  down  from  these. 

EXAMPLES. 

1.  Find  the  expansion  of  (a+b+c+d+e+&c.)* 

This  expression  is  symmetrical  with  respect  to  a,  6,  c,  &c.  ; 
hence  the  expansion  also  must  be  symmetrical,  and  as  it  is  a  pro- 
duct of  two  factors,  it  can  contain  only  the  squares  a2,  62,  c2,  &c., 
and  the  products  in  pairs,  ab,  ac,  ad  .  .  .  .  be,  bdt  &c.  ;  so  that 
'/2  and  ab  are  type-terms. 

Now  (a+b)*  =a2  -\-2ab  -{-b^2  ;  and  the  addition  of  terms  involv- 
ing a,  b,  c,  &c.,  will  not  alter  the  terms  a2  +2a6,  but  will  merely 
give  additional  terms  of  the  same  type.  Hence  from  symmetry 
we  get 
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+c 


This  may  be  compactly  written 


2.  Expand  (« 

This  has  been  found  by  actual  multiplication  —  see  formula  [5] 
—but  we  may  also  proceed  as  follows  : 

(1)  The  expression  is  of  three  dimensions,  and  is  symmetrical 
with  respect  to  a  and  b. 

(2)  The  type-terms  are  a3,  a2  6. 

Hence  (a  +  6)3  =  «3+&3  -)-n(a2b-{-b2a),  where  n  is  numerical. 
To  find  the  value  of  n,  put  a  =  ft  =  1,  and  we  have  (l+l)3  = 


3.  Expand  (x+y+z)*. 

This  is  of  three   dimensions,  and  is  symmetrical  with  respect 
to  x,  y,  z.     We  have 

(»+</+z)3  =  {(*+y)+*}  3  =  (x+y)3  +&o. 

=  ajs»f-Sa!8y+&c.,  which  are  type-terms,  the  only  other  possible 
type-term  being  xyz. 

Now,  since  the  expression  contains  3x-y,  it  must  also  contain 
3a;22,  that  is,  it  must  contain  3x-(y+z).     Hence 

(x+y+z)*  = 


+     n(xyz),  where  n  is  numerical,  and 
may  be  found  by  putting  x-y  =  z=l  in  the  last  result,  giving 

(1  +  ]  +1)3  =  1  +  1  +  1  +  3(1  +  n-f3(l  +  l)  +  3(l 
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4.  Similarly  we  may  shew  that 


5.  Expand  (a+b+c+&c.)3. 

The  type-  terms  are  a3,  a^b,  abc. 

Expanding  (rt  +  /;-fc)8,  we  get  a*+3a2b-{-6abc+&G. 

Hence  by  symmetry  we  have 


6.  Simplify  (a-f  Z>-2c)2+(£-f-c-2rt)2+(c+a-  26)». 

This  expression  is  symmetrical,  involving  terms  of  the  types 
a2  and  ab.  Now  a2  occurs  with  1  as  a  coefficient  in  the  first 
square,  with  4  as  a  coefficient  in  the  second  square,  and  with  1  as 
a  coefficient  in  the  third  square,  and  hence  Qa2  is  one  type-  term 
of  the  result  :  ab  occurs  with  2  as  a  coefficient  in  the  first  square, 
with  —4  as  a  coefficient  in  the  second  square,  and  with  —4  as  a 
coefficient  in  the  third  square,  and  hence  -Gab  is  the  second 
type-term  in  the  result:  hence  the  total  result  is  6  (a2+b2+c9 
—ab—bc—ca). 

7.  Simplify  (x+y+z)*  +  (x-y  -z)s+(y-z-x)*  -f-  (z-x-y)*. 
This  is  symmetrical  with  respect  to  x,  y,  z  ;  and  the  type-terms 

are  a;3,  3x2y,  6xyz  : 

(1)  a8  occurs  in  each  of  the  first  two  cubes,   and  —re3  in  each 
of  the  second  two  cubes,     /.  there  are  no  terms  of  the  type  a;3  in 
the  result. 

(2)  3x2y  occurs  in  the  first  and  third  cubes,  and  —  3x*y  in  the 
second  and  fourth,    .*.    there  are    no  terms  of  this  type  in  the 
result. 

(3)  §xyz  occurs  in  each  of  the  four  cubes,    .*.  24#//z  is  the  total 
result. 

8.  Prove  (a*  +b*  +c2+d2)  (w*  +x*  +y2+z2)- 

(aw  +  bx+cy  +  dz)  -  =  (ax  -  bw)  2  +  (ay-  \cw)  2  -f  (az  -  dw]  3  -f 
(by-ex)2  +(bz-(lx)2+(cz-dy)*. 


SYMMETRY.  87 

The  left  hand  member  (considered  as  given)  is  symmetrical 
with  respect  to  the  pairs  of  letters,  a  and  w,  b  and  x,  c  and  y, 
d  and  z,  that  is,  any  two  pairs  may  be  interchanged  without 
affecting  the  expression.  As  the  expression  is  only  of  the  second 
degree  in  these  pairs,  no  term  can  involve  three  pairs  as  factors  ; 
hence  the  type-terms  may  be  obtained  by  considering  all  the 
terms  involving  at  b,  w,  x;  these  are  a2w2,  a-x-,b2w2,  b2x2, 
—  «2w?2,  —  £>2£2,  —  %abwx,  and  are  the  terms  of  (ax—bw)2  which  is 
consequently  a  type-term.  From  (ax—bw)2  we  derive  the  five 
other  terms  of  the  second  member  by  merely  changing  jhe 
letters. 

9.  Prove  that 


a  complete  square. 

The  expression  will  remain  symmetrical  if  (x2  —  yz)  (y2—zx) 
(z^—xy),  instead  of  being  multiplied  by  —3,  be  subtracted  from 
each  of  the  preceding  terms,  thus  giving 

(x9-yg)  {(xz-yz)2-^2-^)  (z2-xj/)} 
+  (y2-zx){(y*-zx)2-(z*-xt/)  (x2     yz}} 
xy)   {(8*-Xy)*-(x*-!z)  (y*-zx)} 
(x2  —yz) 


-f&c. 


Exercise  xvi. 

Simplify  the  following  : 


8.   (a 
a+b-c)*. 

4.  (a+b+c)*-a(l)+c-a)-h(a+c-b}-c(a+b-c\. 
5. 

(x+y-z-n)*. 
6.     a 
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7.  (:e-2^- 

8.  (ma-\-nb-}-rc)s  —  (ma-{-nb  —  re)3  — 
(rc-{-ma  —  nb)s. 

9. 


10. 

Prove  the  following  : 
1  1  .  (ax+btj  -Kz)  2  +(te-fci/-fa2)  2  +  (faj-f-  «y  +62)  3  + 


12. 

^ 

13. 

11. 

.15.   (a 

(a6  -H  6c  4-  crt  2  =  «  3  +  b  3  +  c  3  -  8a6c)  2 
F  1().     a- 


17.  (2a-6- 

c-a-6)2(2a 

18. 


20.  Shew  that  there  are  two  ways  in  which  the  given  product 
in  the  last  example  can  be  expressed  in  the  form  p*  +/>tf+<?2,  and 
two  ways  in  which  it  can  be  expressed  in  the  form  p2  - 

21.  6 


22. 
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SECTION  II. — THEORY  OF  DIVISORS. 


Any  expression  which  can  be  reduced  to  the  form  ax"-\-bxn~l  + 
cxn~*-\-  .  .  .  .  -4-  •  •  •  •  +hx  +  k,  in  which  n  is  a  positive 
integer  and  a,  b,  c,  ....  h,  k  are  independent  of  x,  is  called 
a  POLYNOME  in  x  of  degree  n. 

The  expressions  /(#)",  F\x)n,  $(x}m,  are  used  as  general  symbols 
for  polynomes  ;  the  index  n.  m.  indicates  the  degree  of  the  poly- 
nome. 

Theorem  I.  If  the  polynome  /(ce)n  be  divided  by  a?  —  a,  the 
remainder  will  be/(a)n. 

Cor.  1.    f(x)n—f(a}n  is  always  exactly  divisible  by  x  -  a. 

(Particular  case:  xn  —  an  is  always  exactly  divisible  by  or  —  a). 

Cor.  2.  If/(a)n  =  0,/(z)n  is  exactly  divisible  by  a;  -a,  i.e.,f(x}H 
is  an  algebraic  multiple  of  x  —  a. 

Cor.  3.  If  the  polynome  f(x)n  on  division  by  the  polynome 
$(x)m  leave  a  remainder  independent  of  x,  such  remainder  will  be 
the  value  of  f(x)n  when  <p(x)m  =  0. 

EXAMPLES.  —  THEOREM  i. 


1.  Find  the  remainder  when  x5  -7z4  +  13z3  -  IGx*  +  9x-  12  is 
divided  by  as  —  5. 

The  remainder  will  be  the  value  of  the  given  polynome  when  5 
is  substituted  for  x.     (See  Art.  III.). 

I  1     -7     +13         16     +9     -12 
5  I  _  5  _  ^10_     15      -5         20 
|~1      -2~~       3        -1          4;         8 
Hence  the  remainder  is  8. 

2.  Find  the  remainder   when  (x—  a)3  -f  (x  —  b)  3  -f-^-f./,)  s    js 
divided  by  »-f-a. 

For  x  substitute  -  a,  then  (  -  2a)  3  +  (  —  a  -  b]  3  -f-  (a  -f-  b)  3  =  -  8a3  . 
8.  Find  the  remainder  when  «3-t-a3-f  b*+(x+a)(x+b)(a+b) 
is  divided  by  x  -fa  -f-  b. 
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For  x  substitute  —(a  +  b)  and  Tve  get 


b}.      See  Formula   [6]. 
4.  Find  the  remainder  when  (x^  +  Zax  —  2a3)3(x-  —  2zx-  2aa) 
+  82(a;-a)*(a?+a)*  is  divided  by  x*  -2a». 
»2  —  2«3  may  be  struck  out  wherever  it  appears. 
This  reduces  the  dividend  to 

(2fl»)8(-20aO  +  82(*-a)4(a:+a)*  =  _  16^4^4  +30(3.3  _as)4. 
In  this  substitute  2a2  for  x2  and  it  becomes 


which  is  the  required  remainder. 

Exercise  xvii. 

1.  Find  the  remainder  when  3#4-|-60a3  +  54z3-602;-f-58  is 
divided  by  x  +  19. 

2.  Find  the  remainder  when  px3  —  Sqx2-+~3rx  —  s  is  divided  by 
x  —  a. 

3.  What  number  added  to  4a|a  +34a;*  +  58ajs+21a;»  -128a?-  41 
will  give  a  sum  exactly  divisible  by  2x+13  ? 

4.  What   number   taken    from    Wx10  -  2(te8  -lOa;6  -  -89a;4- 
8'9aj2-+20  will  leave  a  remainder  exactly  divisible  by  lOaj'2  —  11  ? 

Find  the  remainders  from  the  following  divisions  : 
5. 
6. 
7. 
8.  (a;-a) 

9. 


10.  (9a» 

(3a-26)2. 

11.  a2a;-a 

12.  (a 

13.  a;3  +  a3  +  63—  3a6x-r-»  —  a  +6;    also  -f-  a;  -f-  a—  6  aiso 
a  —  a  —  6. 
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14.  Any  polynome  divided  by  a:  —  1  gives  for  remainder  the 
sum  of  the  coefficients  of  the  terms. 

EXAMPLES.  —  COR.  1. 

1.  xR-{-y5  is  exactly  divisible  by  x-\~y. 

In  li  x5  -  a5  is  exactly  divisible  by  x  —  a,"  substitute  —  y  for  a. 

2.  WiitS  —  px2-\-gx-}-w-}-p+q  is  exactly  divisible  by  x+l. 
This  may  be  written 

{>  .x*-px*+qx}-{m(-l)*-p(-l}2+q(-l)\  is  exactly  divi- 
sible by  x—  (  —  1). 

3.  (x2  +  Gx!/+±y2)5+(x2-}-?xij  +  4y^!>   is  exactly  divisible  by 
(x+2y}*.     For  (x*+6xy+ty*)6  -(-x*  -  2xy-±y*)*   is  exactly 
divisible  by  (ic2  +  6x?/  +  4?/2)-(-a;2  -2xy-  4?/2),  which  is 


Exercise  xviii. 
Prove  that  the  following  are  cases  of  exact  division 


2. 

also  —  x-  +y2. 
8.   (ax  +  ly)* 

4.  (rtz-f^-fc^)3  —  (6a;  +  r2/-l-a2;)3  -f-  (a  — 

5.  (2y-a:)»-(2a:-y)»-r3(y-aj). 

6.  (2^-a:)l2"+1  +  (2ic-?/)2"+1-2/+a;. 

7.  (my  —  iix)5  —  (mx  —  ny)5^  (m-\-n)  (y  —  x). 
8. 

9. 
10. 
11. 
-'12. 
13. 
14. 
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x  15.  Any  poiynome  in  x  is  divisible  by  #-  1  when  the  sum  of 
the  coefficients  of  the  terms  is  zero. 

•r  16.  Any  poiynome  in  x  is  divisible  by  ic-hl,  when  the  sum 
of  the  coefficients  of  the  even  powers  of  x  is  equal  to  the  sum  of 
the  coefficients  of  the  odd  powers.  (The  constant  term  is  in- 
cluded among  the  coefficients  of  the  even  powers). 

EXAMPLES.  —  COR.  2. 

1.  Show  that  a(a+26)3  -b(2a  +  b)3  is  exactly  divisible  by  a+b. 
By  Cor.  2,  the  substitution  of  —  b  fora  must  cause  the  poiynome 
to  vanish. 

Substituting;  «(a-2«)3+a(2^-a)3  =  -«*-|-a*=0. 

2  Show  that  (ab—xy}*  -(a+b-x-y){db(x+y)-xy(a+V)}  is 
exactly  divisible  by  (x  —  a)(y  —  a),  also  by  (x—b)(y-b). 

For  x  substitute  a  an.d  the  expression  becomes 

(ab  —  ay]  2  —  (b  —  y)  {  ab(a  +  y)  —  ay  (a  -f  a)  }  = 


The  expression  is,  therefore,  exactly  divisible  by  x  —  a.  But  it 
is  symmetrical  with  respect  to  x  and  y,  hence  it  is  divisible  by 
t/  —  a,  and  as  a;  -a  andy  —  u  are  independent  factors,  the  expres- 
sion is  exactly  divisible  by  (x  —  a}(y  —  a).  Again,  the  given 
expression  is  symmetrical  with  respect  to  a  and  b,  hence,  making 
the  inttrchange  of  a  and  6,  the  expression  is  seen  to  be  divisible 
\>j(x-b}(y-b). 

8.  Show  that  6(a*+b*+c5)  -5(a*  +b*  ±c3)(a*  +  b*  +  <?»)  is 
exactly  divisible  by  a+b+c. 

For  a  substitute  —  (b+c)  and  the  result  which  would  be  the 
remainder  were  the  division  actually  performed,  must  vanish. 


).  See  [1J  and  [6] . 

The  expansion  being  of  the  5th  degree,  and  symmetrical  in  b 
and  c,  it  will  be  sufficient  to  show  that  the  coefficients  of  b5,  6*c, 
b*c*  vanish,  the  coefficients  of  68c3,  5c4,  c5  being  the  coefficients 
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of  the  former  terms  in  reverse  order.     Calculating  the  coefficients 
of  these  type-terms  we  get 


which  evidently  vanishes.     Hence  the  truth  of  the  proposition. 


In  the  last  example  it  has  been  proved  that  the  difference  of  the 
quantities  here  declared  to  be  equal,  is  a  multiple  of  a  +  o-j-c,  i.e., 
in  this  case,  a  multiple  of  zero.  Hence  under  the  given  condition 
they  are  equal. 

Exercise  xix. 
Prove  that  the  following  are  cases  of  exact  division  : 

1.  (ax-by)3  +  (bx-ay)z-(a3+b*)(x*-y*)-+-a,  b,  x,  y,  a+b, 
x-y. 

2.  axs  -  (a2  +b)x*  +b*  -=-  ax—  1.     (Substitute  ax  for  6.) 

o     f 

''  \ 

4. 
5. 
6. 

7.  (s- 

8.  x(x- 
9. 

10.  a5— 

11.  a(6- 

12.  a3(6-c)H-^3(c-a)-i-c3(a-6)  -=-  (a  -ft),  (b-c),  (c-a). 

13.  a*(6-c)  +  fc*(c-a)  +  c4(a-6)  ^-  (a-  6),  (6-c),  (c-a). 

14.  (a-b}*(c-d}*  +  (b-cy(d-a)*-(d-b}*(a-Cy  -S-  (a-ft), 
(6_P),  (c-d),  (rf-a). 

15.  {(a     6)2+(6-c)3  +  (c-a)2}{(a-6)2^_|.(&_c)2a2  + 
(c-a)262}-{(a-6)2c-i-(6-c)2a+(c-a)2i}2    -i-   (a-  A),    (6-c), 
(c-a). 

16. 
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17. 
18. 
19. 


20. 

EXAMPLES. — CORS.  3  AND  2. 

1.  Find  the  value  of  4z5  +-9a3  —  5x*  +  23z+6  when  2x*  =  3»  -  4. 

Since  2x2  —  3z+4  =  0,  we  have  simply  to  find  the  remainder  on 
division  by  2x2  —  3#+4,  and  if  it  is  independent  of  x,  it  is  the 
value  sought,  Cor.  3. 

4         0         9       -5       23         6 
3  6         9         15     -3 

-8     -12   -20         4 


3 


5     -    1 


10 


exactly  divisible 


Hence  the  required  value  is  10. 

2.  What  value  of  c  will  make  x3  —  5x~  +7; 
by  a?- 2. 

If  2  be  substituted  for  x,  the  remainder  must  vanish,  Cor. 

1-5         7      -c 
2-6         2 


Hence  2  —  e— 0,  or  c  =  2. 

3.  What  value  of  c  will  make  6x5  —  5x*+cx3  — 
vanish  when  2x2=3x—l  ? 

By  Cor.  3,  the  remainder  must  vanish  when  the  given  poly 
nome  is  divide  by  2#2—  3x+l.  We  may  divide  at  once  and  find, 
if  possible,  a  value  of  c  that  will  make  both  terms  of  the  remainder 
vanish,  or  we  may  first  express  CXB  in  lower  terms  in  x,  and 
then  divide  and  find  the  required  value  of  c  from  the  remainder, 
1st.  Method,  (see  page  28), 

6      -10  4c       -160  304  -160 

18         24     12c+36      36c-420 

-12  -16       -8c-24      -24c_+280 

IT          8  4c+12  12c-140;    28^140      -247+120 
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Hence  28c  =  140  and  24c  =  120.     Both  of  these  are  satisfied  by 

,5. 

2nd  Method,     x*  =  ±x(3x  -  1)  =  ^x*  -$x  =  J(8a?-  1)  -  \x  = 

s-i-ia;=lfa;-i;  v.  cx*  =  \\cx-\c. 

Substituting  for  c#3  in  the  given  polynome  it  becomes 

6z5-5z4-20 
Divide  and  apply  Cor.  8. 


6   -10 

18 

0 
24 

-12 

-160 
36 
-16  . 

28c  +  304 
-420 
-  24 

-24c-160 

280 

6     8 

12 

-140; 

28c-140 

-24c  +  120 

We  thus  obtain  the  same  remainder  as  by  the  former  method, 
and  consequently  the  same  result.  A  comparison  of  the  two 
methods  shews  that  they  are  but  slightly  different  in  form,  but 
the  second  method  shows  rather  more  clearly  that  c  need  not  be 
introduced  into  the  dividend  at  all,  but  the  proper  multiples  of  it 
found  by  the  preliminary  reduction  can  be  added  to  or  taken 
from  the  numerical  remainder,  and  the  "true  remainder"  be 
thus  found,  and  c  determined  from  it. 

Exercise  xx. 
Find  the  value  of 

1.  z4-3z3+4z2-3z+4,  given  z2  =z-l. 

2.  z5-2z4-4z3  +  i32;S_lla;-10,  given  (#-!)*  =  2. 

3.  2zr'-7z4+12z3-ll;e2  +  2a;-5  given  (z-l)2  +  2^0. 

4.  3z6  +  llz5  +  10s3  +7x2  +  2a;  +  3  given  x?  +  Sx2  ~  2z  -f  5  =  0. 
•;a?7  +9z6  -16z4  -5x*  -  12x*  -Qx-r  60  given  3x*  -f  «-4  =  0. 

Vhat  values  of  c  will  make  the  following  polynomes  vanish 

!•  the  given  conditions. 
'-.  ^4-f  13x3  +  ^(^2+52a:48c,  given  a;  +  ll=0. 

:»a;3+'2ra;  -14,  given  3^+7  =  0. 
•s  .  x  4      1  ./•  :5     ./•  -  +  H;^  +  6c,  Driven  a;3  =  x  +  G. 
4      !<!./•-  +  4r**f.  0,  given  »8H-8  =  8a:. 


10.     ^_Cj.  a.  gven    ^  = 
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11.  4*4  +cx*+lWx-  105,  given  2ar*-5a!-f  15  =  0. 

12.  3x6-16a;4+^3-5a;2-114a;+200,  given  #2  =  sx-4.- 

13.  What  values  of  p  and  <?  will  make  #4-j-2#3  —  lOac2  —  px-\-<j 
vanish,  given  x2  =  3(x—  1)  ? 

14.  What  values  of  ja  and  q  will  make  a1  a  -  5a  '  °  +  10a*  -  15a« 
-f  29a4  -jt?a2  +q  vanish,  given  (a2  -2)2  =a*  -  3  ? 

Theorem  II.     If  the  polynome  j(x)n  vanish  on  substituting 
fora;  each  of  the  n  (different)  values  alt  a2,  «3     .     .     .     .     an 

f(x)n  =  A(x-al)(x-'a2)(x-as)     ....     (x-an) 
in  which  A  is  independent  of  x  and  consequently  •'.<$  the  coefficient 
of  x"  mf(x)n. 

Cor.     If  f(x)n  and  9(a)w  both  vanish  for  the   same   m  different 
values  of  a,  f(x)n  is  algebraically  divisible  by  <p(x)m. 

EXAMPLES. 

1.  x3+axz-\-bx-{-c  will  vanish  if  2,  or  3,  or  —4  be  substituted 
for  a;,  determine  a,  b,  c. 

The  coefficient  of  the  highest  power  of  x  is  1  ; 


:.    a=  ~1;  6=  -14:  c  =  24. 

2.  j;34-6a;24-ca;-f-^  will  vanish  if  —3  or  2,  or  5  be  substituted 
for  x,  determine  its  value  if  3  be  substituted  for  x. 

The  given  polynome  —  (cc-h3)(a;—  2)  (as  —  5)  ; 

.-.  the  required  value  is  (3  +  3)(8-2)(3-  5)  =  -12. 

3.  ax3+3bx2  +  '3cx+d  will  vanish  if  for  x  be  substituted  —3, 
or  ^-,  or  1^-,  but  it  becomes  45  if  for  x  there  be  substituted  8  ; 
determine  the  values  of  a,  b,  c,  d. 

The  coefficient  of  the  highest  power  of  x  is  a  ; 


=  2. 
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1.   If  x*  -f  px~  +qx+r  vanish  for  x-a  or  6,  or  c,  determine  p,  q, 
ami  rm  terms  of  a,  6,  c. 

r  =  (x-a)(x  —  b)(x-c) 


:.  p—  —  (a-f  6-f-c)      or  — 
<?=       ab  +  bc+ca  or 
»•  =  —  abc  or  —  2  abc. 

5.  If  w3  4-;^2  -{-qx+r  vanish  for  x  =  a,  or  b,  or  c,  determine  the 
polynorne  that  will  vanish  for  x  =  b  +  c,  or  c+a,  or  a  +  b. 
Since  x*+px2+qx+r  vanishes  for  x  =  a  or  b  or  c, 

a;3  —  px2-\-qx—  r  will  vanish  for  x=  —  a  or  —b  or  —  c, 

and  —  />  =  a+6+c; 
But  the  required  polynome  will  vanish  for 

x=  —p  —a,  or  —p  —  b,  or  —p  —  c  ; 
that  is,  for  x+p=  —a,  or  —ft,  or  —  c. 
Hence  it  is 


1 

-P 

q              —  r 

1 

1 

1; 

1 

0 

P  >       P^  ' 

q\     pq-r 
4-9 

The  following  is  the  calculation  in  the  last  reduction.  (See 
page  31). 

P 
P 
P 

6.  In  any  triangle,  the  square  of  the  area  expressed  in  terms  of 
the  lengths  of  the  sides,  is  a  polynome  of  four  dimensions ;  and 
the  area  of  the  triangle,  the  lengths  of  whose  sides  are  3,  4,  and 
5,  respectively,  is  6.  Find  the  polynome  expressing  the  square 
of  the  area. 

Let  a,  6,  and  c  be  the  lengths  of  the  sides,  and  A  the  required 
polynome. 

1st.  The  area  vanishes  if  any  two  of  the  sides  become  together 
equal  to  the  third  side,  hence  if  a  +  b  =  c,  A  =  0,  and  consequently 
A  is  divisible  bya-f-6  —  c.  Similarly  it  is  divisible  by  6-f-c-a 
;uid  by  c  +  a  —  b. 
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2nd.  The  area  vanishes  if  the  three  sides  vanish  together, 
hence  if  «+&+£  =  0,  A  =  Q,  and  consequently  A  is  divisible  hy 
a  +  fr-f  c. 

We  have  thus  found  four  linear  factors,  but  A  is  of  only  four 
dimensions. 

.-.  A  =m(a  +  &  +  e)(64-c  -«)(<•+«  -6)(a-f  6-  c), 
in  which  m  is  a  numerical  constant. 
But  62  or  36  =  w(3+4-f  5)(4  +  5-3)(5  +  3-4)(8  +  4-5) 

=  5  76m;     .•.  m  =  T1T. 

(The  above  includes  all  the  ways  in  which  the  area  of  a  triangle 
can  vanish,  for  the  vanishing  of  only  one  side  involves  the  equal- 
ity of  the  other  two,  or  if  a  =  0,  b  =  c,  and  .*.  a-}-b  =  c,  which  is 
included  in  1st.  ;  if  two  sides  vanish  simultaneously,  the  three 
must  vanish). 

EXAMPLES  ON  THE  COROLLARY. 
7.  Prove  that  (x+  1)  *  2  -x1  2  -  2x  -  1  is  divisible  by 


Factoring  the  latter  expression  we  find  it  vanishes  for  x  —  0,  or 
—  1  or  —  £.  Substituting  these  values  in  the  former  polynome, 
it  also  vanishes.  But  these  are  different  values  of  #,  hence  the 
truth  of  the  proposition. 

8.  (x+y  -fz)5  —x5  -y5  —z5  is  divisible  by 

(x-^-y  +  z)3  —  cc3  —  ys  —  z3. 

The  latter  expression  vanishes  if  jj=  —  y,  so  also  does  the  former. 

By  symmetry  they  both  vanish  if  ?j=—z  and  if  z=  —  x.  Hence 
they  are  both  divisible  by  (x+y)(y+z)(z+x).  But  this  expres- 
sion is  of  three  dimensions,  as  also  is  the  fetter  of  the  given  poly- 
nomes,  hence  it  is  a  divisor  of  the  former. 

9.  Prove  that  {(<t  +  b)5+(c  +  d)*}(a-  &)(c-</)  + 
{(b+c)5-\-(a  +  d)^\(b~c)(a  -  d)  +  {(b  +  d)*  +  (c-f-«)s}(&-  d)(c-a) 
is  algebraically  divisible  by  (a  —  b)(c~d)(b-c)(a-d)(b-d)(c  —  a) 
X  (#  +  &+c-M),  and  find  the  quotient. 

Let  a  —  b  and  the  former  polynome  reduces  to 
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which  vanishes,  the  second  complex  term  differing  from  the  first 
only  in  the  sign  of  one  factor,  having  (c—  a)  instead  of  (a-c). 

Hence  the  former  polynome  is  divisible  by  a  —  6,  and  by  sym- 
metry it  is  also  divisible  by  a  —  c,  by  a  —  d,  by  b  —  c,  by  b  —  d,  by  c  —  d. 

Again,  (a  +  &)*+(c-f  d)6  is  divisible  by  (a-f  &)  +  (<?  +  d);  for,  on 
putting  a  +  b  =  -(cfd),  it  becomes  {—  (c+d)}5+(c+  d)5  which 
=  0. 

Similarly  the  other  terms  of  the  former  of  the  given  polnomes 
are  each  divisible  by  a-}-b-\-c-t-d,  and  consequently  the  whole  is 
so  divisible. 

Now  all  these  factors  are  different  from  each  other,  hence  the 
former  of  the  given  polynomes  is  divisible  by  the  product  of  these 
factors,  i.e.,  by  the  latter  of  the  given  polynomes. 

Both  of  these  polynomes  are  of  seven  dimensions,  hence  their 
quotient  must  be  a  number,  the  same  for  all  values  of  a,  b,  c,  d. 

Put  «  =  2,  6  =  1,  r  =  0,  d=  -1,  and  divide.  The  quotient  will 
be  found  to  be  —  5. 


X(b-c}(a-d)(f>-d)(c-a)(a 

N.B.  —  It  is  not  always  necessary  to  find  the  factors 
of  the  divisor,  as  the  following  examples  show. 

10.  Prove  that  z2-hz+l  is  a  factor  of  xl*+x7  +  l. 
.r2-fz-f  1  will  be  a  factor  of  xl*+x7  +1  provided 
=  0  if  z3+z+l  =  0. 
=0 
=0 


,  .  x1  =  x  and  a;14  =.r3 
..  *14+a7+l  =x'2 
.-.  x*  -\-x4-l  is  a  factor  of  z14-f  x-7-|-l. 
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Art.  X^I      Two  other  methods  of  proving  this  proposition 
are  worthy  of  notice. 

1st.  x2+x+l  will  be  a  factor  of  a;1  4-f  £V4-1  provided  it  is  a 
factor  of  {(xl*+x7  +1)  ±  a  multiple  of  (x2  +x  +  l)}. 

xl*+x7  +1  differs  by  a  multiple  of  x2  -\-x+l  from 


x(x2+x+l)  +  l 
xlt*(x2+x 
(x2+x+l) 


Hence  x*+x+l  is  a  factor  of  ic14+ic7 
2nd    s14-fa7     l         a;21-! 


(x7-l)(x*-l) 

But  we  see  at  once  that  on  reduction  both  of  these  fractions 
give  an  integral  quotient,  hence  (or1  4  -f  x7  +  1)  ~x2+x-}-l  gives 
an  integral  quotient. 

11.  x2+x+I  is  a  factor  of  (x  +  1)7  -x7  —  1. 
If  ar-fa;-fl  =  0,  (x-fl)7  -«7  —  1  will  vanish  also,  for  in  such 
case  a+1  =  —  x2. 


which  by  the  last  example  vanishes  if  x2  +x  +  1  =  0  ; 
.-.  x*-+x+l  is  a  factor  of  (x+l)7  -x7     1. 


For  sc  substitute  —  and  multiply  by  y2  and  ?/7   re 

y 

and  this  example  becomes 

is  a  factor  of  (x-\-yY  —x1  —  y1  . 
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Exercise  xxi. 

Determine  the  values  of  a,  b,  c,  d,  e,  in  the  lollowing  cases : — 

1.  x3  +  3&.r2  +  3c^-M  vanishes  for  x  =  '2,  or  3,  or  4. 

2.  x*  )-cx'2 +dx  +  e  "         "    x=l^or  —3  or  4^. 

4.  ((x^-\-bx2  +  r.e+90.        "         "    ic  =  3or  —5  or  2. 

5.  ax^+cx2  -30x  +  e.        "         "    x=l^  or  —4,  or  2^. 

6.  81#4  +  Qcx'2 -f4rf#4-e     "         "    x=  If  or  —  3£  or  1|. 

8.  ax^+cx2-\-dx+e          "        "    ^  =  2  or  1J  or   -1   and  be- 
comes 14  for  x  =  1. 

9.  ax3-\-cx-±-d  vanishes  for  x=l^,  or  2|,  and  becomes  49  for 
x  =  3,  determine  its  value  for  x=  —  8. 

Given  that  x3  —  px2  +  qx  —  r  vanishes  for  x  =  a,  or  b,  or  c,  deter- 
termine  the  polynorne  that  vanishes  for 

10.  as=ar|-l,  or  6-f-l,  or  c-f-1. 

11.  x  =  a  —  1,  or  b  —  1,  or  c  —  1. 

1  1  1 

12.  #=  1  -  — ,  or  1  —  — ,  or  1  — — . 

a  to  c 

13.  x  =  ab,  or  6c,  or  ca. 

14.  x  =  a2,  or  62,  or  c2. 

(*  r  ) 

(  a  ) 

16.  x=  -    -  or or  -  •— . 

c  a  /^ 

Prove  that  the  following  are  cases  of  exact  division : 

J.  i .     ( *C       -I- )  •£       i    ^*^          *C  i    J-  /      "•*  SC     ~ 

19.  te-2)l°(2aJ— 5)10-r 


20. 

21.   (t^  -  4) -' l  (x- 1)2  ' 
•-- 
-I 

- 4)(2a:3  - 3* -f  2)(a;- 1). 
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23.     2 


24.  {6(z  -  1)}  *  6  -  (2^3+3^-4)  i  6  -  (2a;2— 

2^2+3^_4)8(2^3_oa._f.2)4^(,r-lX^3 

25.  {2(x+l)(x  -  2)  I-20  -  to3  _8a?+8)3«  -  (Sa;3  -  5.T- 


(8aj8-5a;-l). 

26.  1+X*+XS    -r-    1+X+3C*. 

27.  a:10H-a;-v//3-f?/10  -^  xa 
28. 

29. 
30. 
81. 
32. 


Find  the  quotient  of  the  following  divisions  in  which  J)  denotes 
the  product 

(b-c)(c-a)(a-b)(a-d)(b-d)(c-d)  ; 

33.    (^3c2 

(a2Z>2+c2^)(a-6)(c-rf)  -s-  D. 

34. 


35.  (fe-f  c)(a+^)(Z>2-c2)(«2-6/2)4-the  two  similar  terms  H-  7X 

36.  (t2+c»)(a3+d2)(6-c)(a-rf)+  '  -f-  1>. 

37.  {fec(6  +  c)2+a%  +  ^)2}(6-c)(rt-o!)+  "          -4-  D. 

38.  {6r(^  +  c)+a%  +  ^)}(^3-c2)(rt2-t/2)_f  ««          ^  j}t 

39.  {6c(63+c3)+a^(a3-|-^3)}(6-c)(a-^)+  -f-  D. 

40.  (b+c-a-d)*(b-c)(a-d)+  -~  D. 

41.  The  sum  of  the  fractions  y,  J,  £,  ......  ^,  increased  by  the 

Burn  of  their  products  two  by  two,  increased  by  the  sum  of  their 
products  three  by  three,  .............  .  increased  by  their  product  is 

equal  to  n. 
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r  42.  In  any  trapezium  the  square  of  the  area  expressed  in  terms 
of  the  lengths  of  the  parallel  sides  and  the  diagonals,  is  a  poly- 
nome  of  four  dimensions,  determine  that  polynorne. 

43.  In  any  quadrilateral  inscribed  in  a  circle,  the  square  of  the 
area  expressed  in  terms  of  the  lengths  of  the  sides,  is  a  polynome 
of  four  dimensions,  find  that  polynome. 

Theorem  III.  If  the  polynome  f(xF  vanish  for  more  than 
n  different  values  of  x,  it  vanishes  identically,  the  coefficient  of 
every  term  being  zero. 

Cor.  If  a  rational  integral  expression  of  n  dimensions  be  divi- 
sible by  more  than  n  linear  factors,  the  expression  is  identically 
zero. 

EXAMPLES. 

(X  -  a}(x  -5)          (x-b)(x^c)          (x-_c)(x-.u) 
lf    (c-a)(c'-b)    "   (a-b)(a-c)   "   (b-c)(b-a}  ~  *> 

6,  and  c  are  unequal  ;  for  this  is  a  polynome  of  two  dimensions  in 
jc,  but  it  vanishes  for  x  =  a,  and,  therefore,  by  symmetry  for  x=b, 
and  for  x  =  c,  that  is,  for  three  different  values  of  x,  hence  it 
vanishes  identically. 

2.       a 


Substitute  6  for  a  and  the  expression  becomes 


which  vanishes,  hence  the  given  expression  is  divisible  by  a— 6, 
and  consequently  by  symmetry  it  is  divisible  by  (a — 6),  (6-c), 
(c—  d],  (a  —  c),  (b  —  d),  and  (a  —  d),  But  the  given  expression  is  of 
only  four  dimensions,  while  it  appears  to  have  six  linear  factors, 
hence  it  vanishes  identically. 

Exercise  xxii. 

Verify  the  following : 

1«  TOO  I 
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A2/.2    "*"  /TT/To TT  T" ;r— ^ r-^ =±. 


_  __ 

•  i    T        a  +  H 


= 


•*•/ \/  /\/  \~1 


(x+a)(a  -  b)(a  -  c)       (x+b)(b  -  c)(b-a)      (x+c)(c -  a}(c  - b) 


5. 


6        ___  ___        • 

"" 


y(y-x)(y-z)         z(z-x)(z-y) 


~ 


a2  (6  —  c)+(c-a)+c2  (a  - 


9 


y(x+y-z)(-x+y+z)+z(-x+y-}-z)(x-y-\-z)  = 


12. 

2(ic?/+2/2+^)2. 

Theorem  IV.  If  the  polynomes  f(x)n,  <p(x)m  (n  not  less  than 
m)  are  equal  for  more  than  n  different  values  of  aj,  they  are  equal 
for  all  values,  and  the  coefficients  of  equal  powers  of  x  in  each 
are  equal  to  one  another. 
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(This  is  called  the  Principle  of  Indeterminate  Coefficients.  The 
full  use  of  it  cannot  be  exhibited  till  the  student  is  able  to  work 
simultaneous  equations.) 

EXAMPLES. 
a2  62 


(a-b)(a-c)(a-d)         (b-a)(b-c)(b-d) 


c*  d* 

"l          /    T  \/J         T\  /  J  \        ~~  " 


(c-a)(c-b)(c-d)         (d-a)(d-b)(d-c) 

'    (x-a)(x-b)(x-c)(x-d)    '' 

ABC 

+ 


x-a  x-b  x-c     ^      x-d 

in  which  A,  B,  C,  D  are  independent  of  x. 
Multiplv  by  (x-a)(x-b}(x-c)(x-d). 
/.   x2  =  (A  +  B-}-C-\-D}xz-{- terms  in  lower  powers  of  x. 

Now  this  equality  holds  for  more  than  three  values  of  x,  hold- 
ing in  fact  for  all  finite  values  of  x. 

:.    A+B+C+D=Q  (£) 

Again  multiply  both  sieves  of  (a)  by  x~a 

C  D    \  , 

(x-a). 


Adding 

a2  b2  c9 

/  \  \  /  J\          I         /L  —\/L  \/L          J\       "T"       /  _\  /  —          ] 


c*(c+a)(c  +  b 

(a-b)(a-c)  (b-c)(b-a)  (c-a)(c-b) 
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Assume  XB  —px2  -\-qx-  r=(x  —  a)(x  —  b)(x  —  c).  («). 

/.  x*+px*+qx+r=(x+a)(x+b](x+c).  (£). 

_  A  PC 

~^  +  x-a  "*"  aj-i  "*"  x-c 

Multiply  by  x3  —px2  -\-qx-r  and  equate  the  coefficients  of  the 
terms  in  x2.  {In  multiplying  the  fractions  in  the  right-hand 
member  of  (y),  use  the  factor  side  of  (a).} 


Multiply  both  members  of  (y)  by  x  —  a 

x(x+a)(x+b)(x+c)  ,  B  C 

—   =  A+.\*+M.+  ~  —;  T  -         («-  a). 
(»-*)(»  —  c)  (  x-6        a;-v 


By  symmetry 

2c«(C  +  a)(c+fe) 

=5and     (c-«)(C~«T    =     ; 
»--c6  » 


(b-c)(b-a)  (C-a)(c-b) 


3.  Extract  the  square  root  of 
Assume  the  square  root  to  be 
' 


(NOTE.  —  As  it  is  frequently  necessary  to  determine  the  coeffi- 
cient of  a  particular  power  of  x,  a  few  preliminary  exercises  are 
given  on  this  subject.) 
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Exercise   xxiii. 
Determine  the  coefficient  of 

1.  z4  in  (l  +  «a;)3-f(l  +  M5  4-(l  -ex)*. 

2.  x5  in 

3.  z4  in 

4.  x2  in 
(:\x-a}(x-b)(x-d)+D(x-a)(x-b)(x-c}. 

5.  a?4  in  (I-ax)3(l  +  ax)5. 

6.  x4  in  (l  +  ax)3(l-bx)&. 
1.  In  the  product 


-x+x*  - 


prove  that  the  coefficients  of  the  odd  powers  of  x  must  be  all 
zeros. 

Determine  the  value  of  the  following  expressions  : 


(a-b)(a-c)(a-d)         (b  -  a)(b  -  c)(b  -  d] 

(c-a)(c-b)(c-d)  +   (d-a)(d-b)(d-c)' 

b 


(a-b)(a-c)(a-d)  (b -a)(b-c)(b-d) 

a2 


9-      . ,- 

10. 
11. 
12. 
13. 


-f  &c. 


(a-b)(a—c)(a  —  d) 
a  .3 

(a  —  6)(a-c)(a  —  d) 


(a-b)(a-c){a-d) 
bed 


a(a+b)(a+c) 
(a-b)(a-c) 
a*(a+b)(a+c) 

(a—b(a  —  c) 
a*(a+b)(a+c) 

(a-b)(a-c) 


-f  three  similar  terms. 


-f  three  similar  terms. 


-f-      two 


_i_ 
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-  three  similar 


(a-b)(a-c)(a-d) 


10 


(a-b)(a-c)(a-d) 

bc(b+c) 

+two  similar  terms. 


'  M          \ 

(a—  o)(a—  c) 

[For  numerator  use  x*  -\-Zpx2-}-  (ps-+-q)x  +  (pq  -  r).] 
(2a+b](2a  +  c) 
21'      (a-b)(a-c)     +  tw°  Similar  terms' 

[For  numerator  use  x3  -2px2  +(p*-+~g)x-(pq—  r). 

a(b+c) 

22.    -  TW  --  \  +  two  similar  terms. 
(n-b)(a-c)  n 

[For  numerator  use  x(x+p).] 
b+c+d 

4-  three  similar  terms. 


.  w        J 

(a  —  b)(a  —  c)(a  —  a) 

a*(bc+cd+db) 

o/i       -  i  -  !  -  :.  -     [  <t  « 

•      (a-b)(a-c)(a-d)^ 
bc+cd  +  db 

()K         _  !.__  _       I  «  it 

j5'    (a-b)(a-c)(a-d)  H 

Extract  the  square-root  of  (to  4  terms)  : 
26.  l+x.          |    27.  1-s.  |     28. 

29.  l-4x+10a;2-20a;3  +  35a;4-56a;5-f84a;6. 

30.  Extract  the  cube-root  of  1+oj.     (To  4  terms). 


Art.  XI.  1.  Find  the  condition  that  px^  +  2qx-^-r  and  p'x2 
•i-Zq'x+r'  shall  have  a  common  factor. 

Multiply  the  polynomes  byjp/  and  p  respectively,  and  take  the 
difference  of  the  products,  also  by  r'  and  r  respectively,  and 
divide  the  difference  of  the  products  by  x. 

pr'x2  -f-2<?r's 


p'rx2+2q'rx+r'r 


-r'q). 

Multiply  the  former  of  these  remainders  by  (pr1  —  p'r)  and  the 
latter  by  %(pq' — p'q),  ^n(i  the  difference  of  the  products  is 
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But  if  the  given  polynomes  have  a  linear  factor  this  remainder 
must  vanish,  or 


If  the  given  polynomes  have  a  quadratic  factor,  the  linear  re- 
mainders must  vanish  identically,  or  (Th.  III.) 

pq'—p'q  =  Q,  pr'—p'r  =  0,  and  qr'—r'q  =  Q, 


2.  Find  the  condition  that  px^  +  Sqx*  4-  3rx+s  shall  have  a 
square  factor. 

Assume  the  square  factor  to  be  (x  — a)3.  On  division,  the 
remainder  must  be  zero  for  every  finite  value  of  x,  and  conse- 
quently (Th.  III.)  the  co-efficient  of  each*term  of  the  remainder 
must  be  zero.  Divide  by  (x  —  a)2,  neglecting  the  first  remainder. 

1|     p  3q  3r  * 

a  pa  pa* +3qa 


R 
pa  2pa2+3qa 


p       2pa+3q; 


-  is  divisible  by  x  -a  (Th.  I.  Cor.  2), 
or,  px3+Sqx2+3rx-{-s^  Sind.  px2 -\-2qx +r  have  a  common  divi- 
sor.    Multiply  the  latter  polynome  by  x  and  subtract  the  product 
from  the  former,  and  the  proposition  reduces  to 

If  pxzjr 8qx2  +3rx-\-s  have  a  square  factor,  px*  +  2qx +r  and 
<?z2H-2rz+s  will  have  the  square-root  of  that  factor  for  a  com- 
mon divisor. 

3.  If  px^  +  ijqx'2 -\-3rx-{-s  vanish  for  x  =  a,  or  b,  or  c,  find  in 
terms  oi  x,  p,  q,  r  the  value  of 


x  —  a        x  —  b        x  —  c 
Reduce  to  a  common  denominator  and  add  the  numerators 


(x-a)(x-b)(x-c) 
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Multiply  both  numerator  and  denominator  by  p  and  reduce  by 
Th.  II.,  and  Ex.  4  of  Th.  II. 


xm+i        xm+i        xm+1 


'   x  —  a        x  —  b        x  —  c  j)X3  -\-'6qx2-\-3rx-}-s 

4.  If  px3+tdqx2  +  Srx-\-s  vanish  for  x  =  a,  or  b,  or  c,  express  in 
terms  of  p,  q,  r,  s,  the  following,  a+  6  -fc,  «2-f&2+c2,  « 


Divide  xm+1  by  x  —  a. 

I 

a         a2 


a         a?          d*     '.     !     !     .     !     o^ 
Similarly  divide  xm+1  lay  x  —  b  and  also  by  x  —  c. 
add  together  the  quotients 


h  -  —  r  4- 


—  0  X  —  C 

&c. 

Hence,  by  the  last  example,  the  required  expressions  are  the 
coefficients  taken  in  order,  beginning  with  the  second,  of  the 
terms  in  the  quotient  of  3(^em+3  +2qxm+2+rxm+1)  +  (}>x*+3qx2 
-\-3rx-\-s).  These  may  now  be  found  by^Horner's  Division. 

5.  Writing  st  for  a+b+c,  s2  for  a2+/>3-f-c2,  &c.,  express 
(a  —  &)4+(&-c)4  +  (c-rt)4  in  terms  of*,,  *3,  s3,  *4. 

By  actual  expansion 


Put  x  =  a,    =  ^,    =  c  in  succession. 


in  which  s    is  written  for  3  or  1  +  1  +  1,  i.e 
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>  Exercise  xxiii.    (a). 

1.  Determine  the  condition  necessary  in  order  that  a2  +px-\-q 
and  xs+p'x+q  may  have  a  common  divisor. 

2.  The  expression   a6+3a*z5+3&e4  +  ae3+3rf 
wfll  be  a  complete  cube  if 

e  d          c  —  a6 

—    SB   •-—    =      .          =      —    * 


8.  Prove  that  ax5  +  bx  +  c  and  a-rbx*  +  cx&  will  have  a  common 
quadratic  factor  if 


4.  Prove  that  ax*+bx*+c  and  a+bx*+cx5  will  have  a  com 
mon  quadratic  factor  if 


5.  Prove  that  ax4  +  ke3H-cz-frf  and  a 
a  common  quadratic  factor  if 


6.  «3  +jt?«2  +^+r  will  be  divisible  by  x*+ax+b  if 

a3  -  2pa2  -f(^2  4-  q)a+r  -pq  =  0,  and  ft3  -  g-6a  -f  rjt>6  —  r»  =  0. 


7.  «4+pa;-|-^  will  be  divisible  by  #2  4-a»+6  if 
a6-4a»=«  and 


8.  Determine  the  condition  necessary  in  order  that  a;4  +  ±px  '•' 
+Gqx*+4:rx+t  may  have  a  square  factor. 

If  «4+4joo53  +  6^2-H4r£c+«  vanish  for  x  =  a,  or  6,  ore,  or  «/, 
find  in  terms  of  aj,  jp,  g,  r,  t,  the  value  of 

9    f      _£L  ,  ^1    _*L 

aj  —  a        aj  —  fe        a;—  c        «  —  d' 

10.  2  a,    2  a3,    2>s,    2  a4,    2  a5,    S«e. 

11.  2(a-&)4,    2  («-&)•• 

12.  Determine  the  values  of  the  exjareesions  infix.  9,  10,  11,  for 
the  polynome  ar4  -  14z3  4-  a;  -  38. 
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CHAPTEE  III. 


SECTION  I. — DIRECT  APPLICATION  OF  THE  FUNDAMENTAL  FORMULAS 


FORMULAS  [1]  AND  [2].  (x±y)2  =  x*±2xy  + y2,  &c. 
Art.  XII.  From  this  it  appears  that  a  trinomial. of  which  the 
extremes  are  squares,  is  itself  a  square  if  four  times  the  product 
of  the  extremes  is  equal  to  the  square  of  the  mean,  and  that  to 
factor  such  a  trinomial,  we  have  simply  to  connect  the  square 
root  of  each  of  the  squares  hy  the  sign  of  the  other  term,  and 
write  the  result  twice  as  a  factor. 

EXAMPLES. 

1.  4a4-80z2i/2  +  4C%4  =  (2a;s  — 20y2)(2a;8  -20?/2) 

2.  l-JSiajV+SteV  =  (l-6ajV)(l-6a!Sy»)- 

8.  (a— &)i-f.(ft_c)s.f  2(a— 6)(6— c).     This  equals  (a-b+k-c) 
x  (a  —  b  +  b  —  c)-(a  —  c)(a  —  c). 

4.  a2+.ya+32+2a#-2as-2ys. 

Here  the  three  squares  and  the  three  double  products  suggest 
that  the  expression  is  the  square  of  a  linear  trinomial  in  x,  y,  z. 

An  inspection  of  the  signs  of  the  double  products  enables  us 
to  determine  the  signs  which  are  to  connect  x,  y,  z :  we  see  that 

1st.     The  signs  of  x  and  y  must  be  alike. 

2nd.     The  signs  of  x  and  z  must  be  different. 

3rd.     The  signs  of  y  and  z  must  be  different.     Hence  we  have 
x+y-.Zi  or  —  x—  y+z  =  —  (x+y  —  2),  and  the  factors  are 
(x+y-z)(x  +  y-z). 

Exercise  xxiv. 

1.  9m*+12w+4;  c»m-2cm-t-l. 

2.  2/6_22/323+26.  16a;2t/2  + 16^3 +42/4. 

3. 
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6. 

7. 
8. 

9. 
10. 
11. 
12. 


a  \  a 

T)  +(T)  -2(T 


14. 

15. 

16.  (rt.-6 
2(6-c)(« 

17.  4a*  - 

V  "» 

• 

FORMULA    [4].     x2  -y2  =  (x+y)(x-y). 

Art.  XIII.  In  this  case  we  have  merely  to  take  the  square- 
root  of  each  of  the  squares,  and  connect  the  results  with  the  sign 
+  for  one  of  the  factors,  and  with  the  sign  —  for  the  other. 

EXAMPLES. 
1.  (a  +  fe)2  -(c+d)». 

Tbi*={(a+b)+(c+d)}{(a+b)-(e+<l)} 


2.  Factor  ( 
Here  we  have 
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4.  Resolve  (a2 -f-&2)2- (02- £3)2 _(rt 


The  former  of  these  factors  =  (a  +  6)  2  —  c2  =  (a+b-\-v)(a+b  — 
dthelatter  =  c2-(a-6)2) 
.*.  the  given  expression 


2. 
3. 
4. 
5. 
6. 

7-    V 
8. 

17. 

18. 
19. 
20. 
21. 
22. 
23. 

24.  (X3-; 

25.  (a6-< 

26.  a1 3- 

27.  (a»  +  , 

28.  (o;2+; 
29. 

80. 


-  362/2. 


Exercise  xxv. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


-1 


-  (ij  + 
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FOSMULA  A. 


EXAMPLES 
•1.  a«-9^  +  20  =  (z3-5;(z3+4). 

2.  (x-  -y)s  +&-?/-  110=  (ie'-y+llX'aj-y-  10). 

3.  («s  _  tffc-j_&2;2  4.  66(^2  -  «fc  +  &a) 


4.  (x*  -  5x}*-6(x*-5x)-±Q=(x*  -  6aj+4)(a;*  -  5a?-  10). 

5.  (a#-f-fo/  +  c)8  —(m  —  n)(acr+by  +  c)—mn 
=  (ax  -}-  by  -}-c—m)(ax  +  by  -\-c-\-n). 

Art.  XIV.  It  will  be  seen  that  the  first  (or  common]  term  of 
the  required  factors,  is  obtained  by  extracting  the  square  root  of 
the  first  term  of  the  given  expression,  and  that  the  other  terms 
are  determined  by  observing  two  conditions  : 

(1)  Their  product  must  equal  the  third  term  of  the  given  ex- 
pression. 

(2)  Their   sum  (algebraic)  multiplied   into    the   common  terra 
already  found,  must  equal  the  middle  term  of  the  given  expres- 
sion.    Hence,  to  make  a  systematic  search  for  integral  factors  of 
an  expression  of  the  form  #2  +  bx  ±  c,  we  may  proceed  as  follows  : 

1st.    Write  down  every  pair  of  factors  whose  product  is  c. 

2nd.  If  the  sign  before  c  is  +  >  select  the  pair  of  factors  whose 
sum  is  b,  and  write  both  factors  x+,  if  the  sign  before  b  is  4-  ;  x  —  , 
if  the  sign  before  b  is  —  . 

3rd.  But  if  the  sign  before  c  is  —  ,  select  the  pair  of  factors 
whose  difference  is  6,  and  write  before  the  larger  factor  x+  or  x—  , 
and  before  the  other  factor  *—  or  x+,  according  as  the  sign  be- 
fore b  is  +  or  —  . 

EXAMPLES. 

1  .  ./-2  +9cc  +  20.  The  factors  of  20  in  pairs  are  1  and  20,  2  and 
10,  4  and  5.  The  sign  before  20  is  -f  ,  hence  select  the  factors 
whose  sum  is  9.  These  are  4  and  5.  The  sign  before  9  is  +, 
hence  the  required  factors  are  (a;  +  4)  (a  -|-  5). 
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2.  #2-&»-rl2.     Pairs  of  factors  of  12  are  1  and  12,  2  and  6, 
8  and  4.     Sign  before  12  is  +,  therefore  take  pair  whose  sum  is 
8.     These  are  2  and  6.     Sign  before  8  is  — ,  hence  the  factors 
are  («-2)(aj-6). 

3.  a;2- 21^-100.     Pairs  of  factors    of   100  are  1   and   100, 
2  and  50,  4  and  25,  5  and  20,  10  and  10.     Sign  before  100  is  - , 
therefore  take  the  pair  whose  difference  is  21.     These  are  4  and 
25.     The  sign  before  21  is  — ,  therefore  x—  goes  before  25,  the 
larger  factor,  and  the  factors  are  (o;-f  4)'(#  —  25.) 

4.  aj2+12x-108.     Pairs  of  factors   of   108  are   1  and   108, 
2  and  54,  3  and  36,  4  and  27,  6  and  18,  9  and  12.     Sign  before 
108  is  —  ,  therefore  take  the  pair  whose  difference  is  12.     These 
are  6  and  18.     Sign  before  12  is  +,  therefore  x+  goes  before  18, 
the  larger  factor,  and  a;—  before  6,  the  other  factor;  hence  the 
factors  are  (x  —  6) (x 4- 18).  ^ 

NOTE. — It  will  be  found  convenient  to  write  the  factors  in  two 
columns,  separated  by  a  short  space.     Taking  Ex.  2  above,  pro 
ceed  thus  :     Since  the  sign  of  the  third  term  is  + ,  write  the  sign 
of  the  second  term  (in  this  case  — )  above  both  columns. 

1  12 

(s_2)  (*_6) 

Ex.  3  above.  Since  the  sign  of  the  third  term  is  — ,  write  the 
sign  of  the  2nd  term  (in  this  case  — )  above  the  column  of  larger 
factors,  and  the  other  sispi  of  the  pair  +,  above  the  other  column. 

+ 

1  100 

2  50 
(a?+4)          (a?- 26) 

6.  i»2-84aj-h64. 

Here  we  have  the  factors 

1,         64 
tf_2,  z-32 

4,         16 

and  since  the  last  term  has  the  sign  -{-,  and  the  middle  term  has 
the  sign  — ,  we  write  —  over  both  columns. 
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6.  x2  +  l'2x-C±. 

+ 

1,  64 

2,  32 


Here,  since  the  last  term  has  the  sign  -  ,  we  write  the  sign 
(+)  of  the  middle  term,  over  the  column  oi  larger  factors,  and 
the  sign  —  over  the  other  column. 
7.  z4-  10^3  _144. 

Here  we  have  the  pairs  of  factors  : 
+ 

1,  144 

2,  72 
4,         SG 

z+8,  a;-  18. 

And  since  the  sign  of  the  third  term  is  —  ,  we  write  the  sign  of 
the  second  term  (in  this  case  —  )  above  the  column  of  larger 
factors,  and  the  other  sign  (of  the  pair  +)  above  the  othei 
column. 

Exercise  xxvi. 

1.  x*-5x-U',  x*-9x+U;  x2  +  7x+12. 

2.  a*  -8z15;  x2-19x+81;  x2  -7x~GO. 


-1. 
5. 
G.  »*-(aa  +  ^ja;8+'/a^3;  4(x+//)a  -4(x+v/)—  99. 

7. 
8. 

9. 
10 

11 
1.2 
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18.  ( 

14.  (xa-K)x)*-4(x*-10x)  —  96. 

16.  (^-14x-h  40)2-25(aja-14a;-f40)  -150. 

16.  ( 

17.  z 

18.  c2m  +  cm  -  2  ;  x6  -  x*  —  2  ;  a;3m  - 

19.  aj'm-  (a- 


Art.  XV.  Trinomials  of  the  form  ax*  +  bx+c  (a  not  a  squai  e) 
may  sometimes  be  easily  factored  from  the  following  considera- 
tions :  — 

The  product  of  two  binomials  consists  of 

1st.  The  product  of  ihe  first  terms. 

2nd.         "  "         second     " 

3rd.  The  sum  (algebraic)  of  the  products  of  the  terms  taken  dia- 
gonally. 

These  three  conditions  guide  us  in  the  converse  process  oi 
resolving  a  trinomial  into  its  binomial  factors. 

EXAMPLES. 

1.  Resolve  6a2  -I3xy+6y*. 

Here  the  factors  of  the  first  term  are  x  and  6x,  or  2x  and  Sa;  ; 
those  of  the  third  term  are  y  and  6y,  or  2?/  and  3y.  These 
pairs  of  factors  may  be  arranged 

(1)  (2)  (3)  (4) 

x  2x  y  %y 

Qx  8x  6y  Sy 

Now,  we  may  take  (1)  with  (3)  or  (4),  or  (2)  with  (3)  or  (4)  ; 
but  none  of  these  combinations  will  satisfy  the  third  conlition. 
If,  however,  in  (4)  we  interchange  the  coefficients  2  and  8,  then 
(2)  and  (4)  give 

2a;         3?/.     and 

Sx         Zy,     where  we  can  combine  the  "  diagonal" 
products  to  make  18,  and  the  factors  are 
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So;  —  By,  and 
Sx  -  2y. 

The  coefficients  of  (2),  instead  of  those  of  (4),  might  have  been 
interchanged,  giving  the  same  result. 

Here,  comparing  (2)  and  (3),  Ex.  1,  we  see  that  their  diagonal 
products  may  be  combined  to  give  15,  and  the  factors  are 

2x  —  y,  and  Sx  —  Qy. 
3.  Qx2  —  20#2/+6?/2. 

Here,  again  referring  to  Ex.  1,  we  see  at  once  that  it  is  useless 
to  try  both  (2)  and  (4),  since  the  diagonal  products  cannot  be 
combined  in  any  way  to  give  a  higher  result  than  13xy.  But  com- 
paring (1)  and  (4),  we  obtain  by  interchanging  the  coefficients 
in  (4)  x—Sy,  and 

6x— %y,  which  satisfy  the  third  condition. 
Or,  we  might  interchange  the  coefficients  of  (3),   and  take  the 
resulting  terms  with  (2),  getting  2x— 6y,  and 

Sx-  y. 

Here  the  large  coefficient  of  the  middle  term  shows  at  once 
that  we  must  take  (1)  and  (3)  together.  Interchanging  the  co- 
efficients of  (1)  we  have 

6x—  y,    and 

2  +  6?/.    The  same  result  will  be  obtained  by  inter 
changing  the  coefficients  of  (3). 

Exercise  xxvii. 
11.  6a;2- 


2. 
3. 
4. 
5. 

6.  56z2-< 
7. 

8.  56./-2+36^-202/- 
9. 
10. 


12. 

13. 

14. 

15. 

16. 

17. 

18.  56aj3_276a#-20//3. 

19. 

20, 
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Art.  XVI.  More  generally,  trinomials  of  the  form  ax*  +  bx-}-G 
(a  not  a  square)  may  be  resolved  by  Formula  A,  thus 

Multiplying  by  a  we  get  a*x5  +bax+ac.  Writing  z  for  ax  this 
becomes  z2  +  bz  -\-ac.  Factor  this  trinomial,  restore  the  value  of 
^  and  divide  the  result  by  a. 

EXAMPLES. 

1.  6x*  -f  5aj-  4.     Multiplying  by  6,  we  get  (6a?)»  +  5(6a?)  -  24  or 
z-+5z  —  24.     Factoring,  we  get  (z  —  3)(s  +  8),  hence  tlie  required 
factors  are  ^(6;e-3)(6a;-h8)  =  (2.e—  l)(8jj-f  4). 

2.  6z3  -  13^  +  6?/3.     Factoring  z3  -  13zy  +  36y*  we  get  (s-4y) 
(*  —  9y),  hence  the  required  factory  are  ^(6x  —  4?/j(6a;  —  9?/)  = 


3.  33-14x-40a;3.     Factoring  1320  -14*  -2s  we  get 
i  30  -  s)(44+a),  hence  the  required  factors  are  ^(80  -  40a;)  x 


NOTB.  —  The  factors  may  conveniently  be  arranged  in  two  col- 
umns, each  with  its  appropriate  sign  above  it. 

-f- 

Ex.  1,  above          1         24 

2         12 


Ex.  2,  above  1         36 

2  18 

3  12 


[Another  method  of  factoring  trinomials  of  the  form  ax**  -f  fce-f  a 
is  as  follows  : 

Multiply  by  4a,  thus  obtaining  4a2^3  +±abx+  lac.  Add  62  -  fc', 
yhich  will  not  change  the  value,  4a3#2  +  ±abj&+b'-  —  b2  -f  4ac  ;  by 
[1]  this  may  be  written  (2«a;-h6)-  —  ^3  —  4oc).  Factor  this  by 
[4]  and  divide  the  result  by  4a. 
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Ex.     Factor  56#s  4-1 Six  -27885.      Multiply    by    4x56    01 
2x112,  1122z2-f-2.137.112a;— 6246240.     Add  1372-1372,  then 
1122;e2 +  2.137.112x4-1372 -(1372-f-6246240)  =  (112z+137)8 - 
6265009  =  {(112z-|-137)  +  2503}{(112:E-fl37)-2503}  = 
(112»+2640)(112a:-2366). 

We  multiplied  by  4  x  56,  we  must,  therefore,  now  divide  by  that 
number.     Doing  so,  we  obtain  as  factors  (7#  +  165)(8a;— 169).] 

Exercise  xxviii. 


-5a-  2. 


2.  10r2-29^-21. 

3. 

4. 

o. 

6. 

7. 

8. 

17. 

18. 

19. 

20. 


9. 
10. 
11. 
12. 

13.  6x*-x*y*-35y* 
14. 
15. 
16. 


SECTION  II. — EXTENDED  APPLICATION  OF  THE  FORMULAS. 

Art.  XVII.  The  methods  of  factoring  just  explained  may  be 
applied  to  find  the  rational  factors,  where  such  exist,  of  quadratic 
multinomials. 

EXAMPLES. 

1.  Resolve  I2x*-xi/-20y*  -f-8a?  +  41^-20. 
In  the  first  place  we  find  the  factors  of  the  first  three  terms, 
v/hich  are 

4x+5y,  ancl 
8z-4y. 

Now,  to  find  the  remaining  terms  of  the  required  factors,  fre 
must  observe  the  following  conditions : 
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1st.     Their  product  must  =  —20. 

2nd.  The  sum  (algebraic)  of  the  products  obtained  by  multi- 
plying them  diagonally  into  the  ?/'s,  must  -—±ly. 

3rd.  The  sum  of  the  products  obtained  by  multiplying  them 
diagonally  into  the  af  s,  must  =  Sx. 

We  see  at  once  that  —  4  with  the  first  pair  already  found,  and 
+  5  with  the  second  pair,  satisfy  the  required  conditions,  and  /. 
the  factors  are 

4oj+5*/-4,  and 


2.  p*+2pr-2q'-*  +  7gr-3r*    +pq. 
Here  the  factors  of  p2  +  pq  -2<22,  are 

and 


p  —  q. 

Now  find  two  factors  which  will  give  -  3r2,  and  which  multi- 
plied diagonally  into  the  pa  and  <?'s  respectively,  will  give  2/>r. 
and  7qr  ;  these  are  tound  to  be  —  r  taken  with  the  first  pair,  and 
-|-3r  taken  with  the  second  pair.     Hence  the  required  factors  are 
p  +  2q  —  r,  and 
p  —  q  +  3r. 

Art.  XVIII.     But  the  following  examples  illustrate  a  surer 
method. 


3.  x 

Reject  1st  the  terms  involving  *, 
2nd.         "  "          y, 

3rd.         "  "          x, 

and  factor  the  expression  that  remains  in  each  case. 
1st.         x*+xy  -  2*/s    =  (x-y)(x+2y). 
2nd.        x2+2xz-'Sz*  =  (x+3z)(x-z). 
3rd.   -22/2+7i/3-3z3    =  (-y+8g)(2y-«). 

Arrange  these  three  pair  of  factors  in  two  sets  of  three  factors 
each,  by  so  selecting  one  factor  from  each  pair  that  two  of  each 
set  of  three  may  have  the  same  coefficient  of  x,  two  may  have  the 
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eame  coefficient  of  ?/,  and  two  the  same  coefficient  of  z  (coefficient 
including  sign).     In  this  example  there  are 

x—  y,   x  +  '3z,    —  2/+3z, 
and  x+2y,   x—   z,        2t/—  z. 

From  the  first  set  select  the  common  terms  (including  signs) 
and  form  therewith  a  trinomial,  x—  y  +  8z. 

Repeat  with  the  second  set,  and  we  get  x+2y  —  z. 


4.  3z2-8u;*/- 

1st.         3x*-Sxi/-'3y*    =(Sx  +  y)(x—3y). 

2nd.       3aj2+30o;  +  27     =(8o;+8)(a:+9). 

3rd.   -8y»  4-27     =(y+8)(-  8y  +  9). 

/.  the  factors  are 


5.  6a2- 

1st. 

2nd.         6a2+  2ac-48c2    =(2a-f  6c)(3a-8c). 

3rd.    -2062+646c-48c2    =  (-56+6c)(46-8c). 
.-.  the  factors  are 


Exercise  xxix. 

1.  7x*-xy-Gy*-6x-20y-IQ. 
2. 

3. 

4. 

5. 

6.  x*-xy-12y*-5x-15y. 

7. 

8. 

9.   6^-1 

10.  15.C4  - 

11.  4«3_l562_4a6_21c2-36k—  -Sac. 

12.  « 
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Art.  XIX.     Trinomials  of  the  form  ax*  ±bx*  -f  c  can  always  be 
broken  up  into  real  factors. 

If  a  and  c  have  different  signs,  the  expression  may  be  factored 
by  Art.  XVI. 

If  a  and  c  are  of  the  same  sign,  three  cases  have  to  be  consid- 
ered :  i.  6  =  2x/(ac),  ii.  6>2x//(ac),  iii.  &<2«/(ac) 


Case  I.  &  =  2j/(ac).  This  case  falls  under  Art  XII.,  formula 
[1]  .  where  examples  will  be  found. 

Case  II.  6>2y(oc).  This  case  falls  under  Art  XVI,  where 
examples  will  be  found.  The  following  additional  examples  are 
resolved  by  the  second  method  of  that  article. 

EXAMPLZS. 


Here  we  see  that  (Jt/2)s  will  make,  with  the  first  two  terms, 
;i  perfect  square,  and  we  therefore  add  to  the  given  expression 
(fy2)8—  (f#2)2.  The  expression  then  becomes 


2. 

Here  multiplying  by  4x3,  and  completing  the  square  as  in 
Ex.  1,  we  have 


=  (6a:s  +  6--|/12)(6a;2+6  +  |/12),  which  divided  by  4x3  give 
the  required  factors. 
8.  ax*±bx*+c. 

Proceeding  as  in  Ex.  2  we  have,  by  multiplying  by  4a, 

-f  63  -  6*  +4ac    -•  4a 
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Exercise,    xxx. 


2. 

3. 

4. 

5. 

6." 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

Case  III.  6<2i/(oc).  This  case  may  be  brought  under 
Art.  XIII.  Tlie  following  examples  illustrate  the  process  of  re- 
duction and  resolution. 

EXAMPLES. 

1.  -x*-lx*+l. 

We  have  to  throw  this  into  the  form  a3  —  6*  : 


2. 

=  (Sx- 

3. 


4.  a:4- 
(^24-2/ 

5.  fl 
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Art.  XX.  It  is  seen  from  these  examples  that  we  have  merely 
£o  add  to  the  given  expression  what  will  make  with  the  first  and 
last  terms  (arranged  as  in  Ex.  5)  a  perfect  square,  and  to  subtract 
the  same  quantity.  In  Ex.  2,  e.  g.,  the  square  root  of  9#4  =  3#2, 
the  square  root  of  4?/4  =  2?/2,  /.  3#2+2?/s  is  the  hinomial  whose 
square  is  required  ;  we  need  .'.  I%x2y2  ;  but  the  expression  con- 
tains 3a32/8  ;  /.  we  have  to  add  and  subtract  12x*y2  -  3z3?/2  = 


Hence  we  derive  a  practical  rule  for  factoring  such  expressions. 

(1).  Take  the  square  roots  of  the  two  extreme  terms  and  con- 
nect them  by  the  proper  sign  ;  this  gives  the  first  two  terms  of 
the  required  factors. 

(2)  Subtract  the  middle  term  of  the  given  expression  from 
twice  the  product  of  these  two  roots,  and  the  square  roots  of  the 
difference  will  be  the  third  terms  of  the  required  factors. 

6.  a;44-TVB2ys+y4'     Here  1/ic4=o;s,  -i/7/4  =  y3,  and  the  first 
two  terms  of  the  required  factors  are  x2+y3  ;  twice  the  product 
of  these  is   +  2x2?/2,  from  which  subtracting  the  middle  term, 
TVc32/3,    we  get  -f-fa3?/2  ;    the  square  roots  of  this  are 
Hence  the  factors  are  x--}- 


Note  that  since  vA/4=  +y2,  or  -y3,  it  may  sometimes  hap- 
pen that  while  the  former  sign  will  give  irrational  factors,  the 
latter  will  give  rational  factors,  and  conversely. 

7.  a4—  ll«22/2+2/4.     Here,  taking  ~H/3,  we  have 


But  taking  —  2/2,  we  have 

a2  -  y2  +3xy,  and  x2  -  y2  -  Sxy. 
Sometimes  both  signs  will  give  rational  factors. 

8.  16#4  —  17x*y2-\-y*.     Here  we  have 

(4a2+i/2+3;c?/)(4a;2+2/2  -Sxy,  and  also 

:x*  -y2  -  5xy). 
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Exercise  xxxi. 


2. 

3.  z4+l,  z4  +  9*/4,  1-  12.y2  +  16z/4. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 

19. 

20. 
21. 


Art.  XXI.     We  can  apply  [4],  Art.  XIII.,  to  factor  expres- 
sions of  the  form  ax^-\-bx^-}-rbx  —  r^a.     This  m.ay  be  written 
a(x*  -  r  2  )  4-  bx(x2  -f-r)  =  [a(x2  -  r)-\-bx}  (x2  +r). 

EXAMPLES. 


1.  Ga;4-h4x3  +  12a:-54.     This 
=  6(x4-9)  +  4a:(a;2-i-3)  =  ( 

=  (a?»+8)(6a;*+4a:-18). 
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2.  Ilz4  +  10z3- 40z-176.     This 


3.  40«4  +  30ic3+60a;-160.     This 


=  (2»9+4)(20a!a+15a;-4:0). 

NOTE. — To  determine  r,  take  the  ratio  of  the  coefficient  of  x3 
to  the  coefficient  of  x. 

Exercise  xxxii. 
Kesolve  into  factors 

13.     l#4-f-  J-a;3_  .*rX  —  -£ 

14. 
15. 
16. 
17. 

ia_ 

19. 
20. 
21. 
22. 
23. 
24. 


-30^3 +48^-96. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

Art.  XXII.     Formulas  [1]  and   [4]   may  sometimes  be  ap- 
plied to  factor  expressions  of  the  form 


This  may  be  put  under  the  form 


(e  —  %ar)x2,  which  can  sometimes  be  factored. 

EXAMPLES. 

1.  ic4-f6a3+27z3  +162^+729. 
We  have  a4  +  729+  6x(x*  +  27)+  27x2. 

=  (a2  -j-27)3  +6x(x2  +  27)  +  9a3  -  36a3 
==|a.3_|_27+3x}2-36x2,  which  gives  the  factors 
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-f20o;+25.     This 
+  5)  s  +  43(352  +  5)  -  6z2 


Exercise  xxxiii. 
Kesolve  into  factors  : 
1.  x4-6z3-f27z2-  162z+729. 
2. 
3. 
4. 
5. 


7. 

8.  x4  +  5z3-  16.x2  +  20z 

9. 
10. 
11. 
'12. 
13. 
14. 
15. 
16. 
17. 


SECTION  III. — FACTORING  BY  PARTS. 


Art.  XXIII.  To  factor  an  expression  which  can  be  reduced 
to  the  form  a.F(x)+b.f(x). 

When  the  expression  is  thus  arranged,  any  factor  common  to 
a  and  b,  or  to  F(x)  and  f(x),  will  be  a  factor  of  the  whole  ex- 
pression. The  method  about  to  be  illustrated  will  be  found  use- 
ful in  cases  where  only  one  power  of  some  letter  is  found. 
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EXAMPLES. 

1.  Factor  acx2  —  abx  —  bc2x  +  b2c. 

Here  we  see  that  only  one  power  of  a  occurs,  and  we  therefore 
group  together  the  terms  involving  this  letter,  and  those  not  in 
volving  it,  getting 

a(cx2-bx)-bc2x+b2c 
=  ax(cx  -b)  —  bc(cx  —  b)  -  (ax-  bc)(cx  -  b). 

2.  Factor  m2x2  -mna^x  —  mnx  +  n2a2. 

Here  we  observe  that  a  occurs  in  only  one  power  («2). 
Therefore  we  have 

—   a2(mnx  —  na)-j-w2#2  —  mnx 


=  (mx  —  n)  (mx  —  na~)t 

3.  2x2+±ax  +  3bx+6ab. 

Here  we  observe  that  the  expression  contains  only  one  power 
of  both  a  and  b.  W*  may,  therefore,  collect  the  coefficients  in 
either  of  the  following  ways  : 


or, 

Now  the  expressions  in  the  brackets  ought  to  have  a  common 
factor,  and  we  see  that  this  is  -the  case.     Hence, 


4. 

=    a(bxy+cx)  +  b2y2-c2 

c)(ax+bij-c). 


5.  y3  —  (2a  +  6)2/2  +  (2a6+  a2)y  -  a2b 


6.   2x*y  +  2bx4<-bx*y  +  4:abx2y  -x2y2 


FACTORING. 


Ql 


And  2#«  —  x 


7. 


—px*  +px 


Exercise  xxxiv. 


—  a2z2  -a3. 


6.  z3- 

7.  x5— 
8. 

9.  as  +  («c-62)a;2 
10.  a2+(ac-b2)x2-bcx3. 


—  3c3. 


6.  x2  +  2bx-{-3ax+6ab. 

11.  abx*4(ac-bd}x 

12.  px*- 

13.  a 

14.  x 
15. 

16.  x3  —  x 

17.  x*  +  (a-b-c)x*-(ab— 

18.  « 3  +  (#-}- b  —  c)x2  —  (bc-+-ca  —ab)x  —  abc. 

20.  a2 bx2  -f- ab*xy  +  acdxy-\- bcdy2  —  aefxz — befyz 

23.  amx2  +(mby— nay-}-mcz)x  -nby2  —ncyz. 

24. 

25. 


26.  a;5  -m2«4-(n- 

27.  l-(a-l)a;-(a- 
28. 

29. 


—  n). 


-m2pq)x2  -(n* 
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Art.  XXIV.  Sometimes  an  expression  which  does  not  come 
directly  under  the  preceding  form,  may  be  resolved  by  first  find- 
ing the  factors  of  its  parts. 

EXAMPLES. 

1.  abx2-\-aby2  —  a-xy  —  b2xy. 

Here,  taking  ax  out  of  the  first  and  third  terms,  and  by  out  of 
the  second  and  fourth  terms,  we  have 

ax(bx  —  ay)  —  by(bx  —  ay),  and  hence 
(ax-by)(hx  —  ay). 

2.  x*-(a  +  b)x*  +  (a*b  +  ab*)x-a*b*. 

Here,  taking  the  first  and  last  terms  together,  and  the  two 
middle  terms  together,  we  have 

(x2  +  ab)(x2  -  ab)  -  (a+b)x*  +  ab(a+b)x 
=  (x2  +  o£)(a!9-a&)  -  (a  +  b)x{x2     a/,, 
=  (a2  -  ab)  {x2  +ab-  (a+b)x}  =  (x*  —ab)(x-a)(x  -  b). 
,3    a;3m_  £xm+  3.     This  equals 


=  xm(x™+l)(xm-l)  -  3(x™  -I) 


1. 
2. 
3. 

4. 
5. 
6. 

7. 

8. 

9. 
10. 
xl. 
12. 


a2  — 
abx2 


-—  bx. 


ab+ax- 
+b2xy~a2xy-aby2 


Exercise  xxxv 

14.  c 


acx2  4-  (ad  —  bc)x  —  bd. 

-1. 
-ac  —  bx  +  be. 


15. 
16. 
17. 
18. 
1 9 . 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
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27.  (x 


28.  24wi  •'  -  28m2 n -f 6ww2  -  In  3 . 

29. 

30. 


SECTION  IV. — APPLICATION  OF  THE  THEORY  OF  DFVJSORS. 


Art.   XXV.     By  Theorem  I.  we  prove  that 

xn  —  an  is  divisible  by  x—  a  always 
•  xn  —  an  "         "        ."  x  +  a  when  n  is  even 

xn  +  an  "         "         "  x-\-a  when  n  is  odd. 
By  actual  division  we  find,  in  the  above  cases ; — 

xn-an 

-    =    xn    +x"    a+     .     .     .     jmn~~a4-# (1). 

x  —a 

^-^L    =   x*-1-x*-*a+  +xa*-*-a*~1.  .  ...(2). 

x  +a 

t±f*  ^-^^  -M-+«-  m 

x  +a  "v  7' 

EXAMPLES. 

1.  Resolve  into  factors  a;*  — y3-;  here  a?—  y  is  one  factor  and  by 
(1)  the  other  is  x2+xy+y2. 

2.  Resolve  az  +  (b-c)*  ;  here  a  +  (b— c)  is  one  factor;  and  by 
(3)  the  other  is  a2  -a(b-c)  +  (b-c)*. 

3.  Resolves15  4- 1024?/0.     This  =  (z3)5+  {(2y)»}»,  one  factor 
of  which  is  »3  +  (2?/)2,  and  by  (3)  the  other  factor  is 


-  a:i  a  _  4x92/2H-16a;R2/4  -  64«3?/6  +  256?/8. 
4.  Resolve  (a;  —  2y)  3  -|-  (2#  —  y)3  into  factors. 
Here  by  (3)  we  have 


the  factors  are 
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5.  Kesolve  x5+x*y+ 
By  (1)  we  see  that  this  = 


6.  Eesolve  xl  l  -xloa+x9a*  —  x*a3+ 
-x*a7+x*as  -x2a9+xalt)  -a11.  This 
_  (x*+a6)(x«-a6)  (XG  +ae)(x*-  as)( 


x  , 


x+a  x+a 


Exercise  xxxvi. 

Factor  the  following  :  — 

1.  x*-y*,  x3  -1,  x3  4-8,  8a3-27«3,  8 

2.  x5-a™,  27a3-64,  a^-fe8,  z10 

8.  Find  a  factor  which,  multiplied  into 

0,4+0,3^0,21,2  +0,1)3+1)*^  rfft  give  as-b*.        ^ 

4.  By  what  factor  must  x3  -±x2y+16xy2  —  64?/3  be  multiplied 


5.  Factor  x7+x*y+x5y*  +X4>y*+xsy4>+x2y5+xy*  f  ?/. 
Find  the  factors  of  the  folio  win  <T  : 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 

15.  l- 
16. 
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Art.  XXVI.  The  principles  illustrated  in  Section  II.,  chap. 
II.,  may  be  applied  to  factor  various  algebraic  expressions,  as  in 
the  following  cases  : 

EXAMPLES. 

1.  Find  the  factors  of 


1st.  Observe  that  the  expression  is  symmetrical  with  respect 

to  a,  b,  c. 
2nd.  If  there  be  any  monomial  factor  a  must  be  one.     Put- 

ting a  =  0,  the  expression  vanishes.      /.    a  is  a  factor, 

and,  by  symmetry,  b  and  c  are  ako  factors.      /.    abc 

is  a  factor. 
Srd.  There  can  be  no  other  literal  factor,  because  the  given 

expression  is  of  only  three  dimensions,  and  abc  is  of 

three  dimensions. 
4th.  But  there  may  be  a  numerical  factor,  m  suppose,  so  that 

we  have 

(a  +  b+c)(ab+bc-{-ca)-(a+b)(b+c)(c  +  a)=mabc. 
*  To  find  m,  put  a  =  b  =  c  =  I  in  this  equation,  and  m  =  1. 

/.    the  expression  =  abc. 
2.  Besolve  a*(b  —  c)-\-b*(c-a)+c2(a-b). 

1st.  For  a  =  0  this  does  not  vanish.      .-.    a  is  not  a  factor, 

and  by  symmetry  neither  is  b  nor  c. 
2nd.  Try  a  binomial  factor  ;  this  will  likely  be  of  the  form 

b  —  c  ;  put  b  —  c  =  0,  i.e.,  b  =  c  in  the  given  expression, 

and  there  results 

a2  (c  -  c)  +  c2  (c—  a)  -f  c2  (a  -  c),  which  =  0, 
.".    b  —  c  is  a  factor,  and  by  symmetry  c  —  a  and  a  —  b  are  fac- 

torst.     Since   the   given   expression   is  only  of  three 

dimensions,  there  can  be  no  other  literal  factor  ;  but 

there  may  be  a  numerical  factor,  m  (say),  so  that 


To  find  the  value  of  m,  give  a,  b,  c,  in  this  equation,  any  values 
which  will  not  reduce  either  side  to.zero  ;  leta=l,  6  =  2,  c  =  0, 
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and  we  have  £=w(-2),  or  m=  —  1  ;  so  that  the  given  expres- 
sion =  -(a  —  b)(b--c)(c-a),  or  (a-b)(b-c)(a  —  c). 

3.  Eesolve  a*(b+  c2)+b*.(c  +  a*)  +  c3(a+b2)+abc(abc+l). 
Here  we  see  at  once  that  there  is  no  monomial  factor  : 

put  6-fc2  =  0,  i.e.,  b=  —  c2,  and  the  expression  hecomes 
a*(-c*+c*)-c*(c+a*)  +  c*(a+c*)-c*a(  —  c*a+l)  which  =  0; 
.*.  b  -f-  c2  is  a  factor,  and  by  symmetry  c-fa2  and  a-f  62  are  also 
factors  ;  and  proceeding  as  in  former|  examples  we  find  m  =  l  ;    /. 
the  expression  =  (b  +  c2)(c+a2)(a+62). 

4.  Eesolve  into  factorsvthe  expression 


As  before,  we  find  that  there  are  no  monomial  factors. 
Let  a  —  6  =  0,  or  a  =  6,  and  substituting  b  for  a  the  expression 
becomes  zero  ;  hence 

a  —  b  is  a  factor. 
By  symmetry    b-c         " 
and         c—a         " 
Hence  the  factors  are 

m(a  —  b)(b  —  c)(c  —  a).  + 

To  find  m  let  a=0,  6  =  1,  c  =  2,  and  we  have 

6  =  2w,  or  m=3. 
The  factors  are,  therefore, 


5.  Eesolve  into  factors 


Ae  before,  we  find  that  there  are  no  monomial  factors. 
Let  a—  6  =  0,  or  a  =  6  ;  substituting  6  for  a,  the  expression  be- 
comes zero  ; 

therefore  a—  b  is  a  factor. 

By  symmetry     6  —  c 

and     c  —  a         " 

Now  the  product  of  these  three  factors  is  of  three  dimensions, 
while  the  expression  itself  is  of  four  dimensions.  There  must, 
therefore,  be  another  factor  of  one  dimension.  It  cannot  be  a 
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monomial  factor,  for  the  expression  has  no  such  factors.  It  can- 
not be  a  binomial  factor,  such  as  a+6,  for  then,  by  symmetry, 
b-\-c  and  c+a  would  also  be  factors,  which  would  give  an 
expression  of  six  dimensions.  It  cannot  be  a  trinomial  factor, 
unless  a,  b,  and  e  are  similarly  involved.  For  instance,  if  a  —  b+c 
were  a  factor,  then,  by  symmetry,  b—  c+a  and  c  —  a+b  would  also 
be  factors,  and  the  dimensions  would  be  six  instead  of  four.  The 
other  factor  must,  therefore,  be  a+6  +  c.  Hence, 


To  find  m,  put  a  =  0,  6  =  1,  and  c  =  2,  and  we  have 
-6  =  6m; 

:.  m  =  -1. 
Hence  the  factors  are 

—  (a  —  6)(6  —  c)(c  —  a)(a-\-b  +c^ 
or,         (a-b)(a-c)(b-c)(a+b  +  c). 

6.  Prove  that 


is  exactly  divisible  by  a+6  +  c,  and  find  all  the  factors. 

Let#+6+c  =  0,  or  a=  —  (&+c)  ;  substituting  this  value  for  a, 
we  have 

+  36c(6+c),  or 
3  which  =  0,  and 
therefore  a+6  +  c  is  a  factor. 

As  before,  we  find  that  there  are  no  monomial  factors.  Since 
a+6+c,  the  factor  already  obtained,  is  of  one  dimension,  the 
other  factor  must  be  of  two  dimensions,  and  cannot,  therefore,  be 
a  binomial  ;  for  if  a+  6  were  a  factor,  by  symmetry  6+c,  and  c  +  a 
must  also  be  factors.  The  factors  in  that  case  would  give  a 
quantity  of  four  dimensions,  while  the  expression  itself  is  only 
of  three  dimensions.  Nor  can  a3+62+c*  be  a  factor.  For 
if  so,  the  other  factor  must  involve  a  numerical  multiple  of  the 
first  power  of  a,  and,  therefore,  on  taking  the  first  power  of  a  out 
of  terms  involving  first  and  third  powers,  we  should  have  left 
some  numerical  multiple  of  a2+62+c3,  instead  of  which  we  get 
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as+8(6+c)a.  Nor  can  af+(6-fc)*  be  a  factor,  for  symmetry 
would  require  two  other  factors,  viz.  :  62  -f(c+a)2,  and  c2  +(<H-&)8, 
thus  giving  a  quantity  of  seven  dimensions. 

The  only  factor  admissible  is,  therefore, 

Hence 


To  find  w,  let  a  =  1,  &  =  0,  and  c  =  0,  and  we  have  1  =  m. 
Hence  the  factors  are 


7.  Simplify 

—  (a+b)(a-c)(b-c) 


Let  #  =  0,  and  the  expression  becomes 

bc*+cb2-\-bc(b  —  c)  —  bc(b-\-  c)  -  bc(b  —  c),  which  equals  zero  ;  there- 
fore a  is  a  factor  ;  by  symmetry  b  and  c  are  also  factors. 

The  expression  is  of  fhree  dimensions,  and  abc  is  of  three 
dimensions,  there  cannot  therefore  be  any  other  literal  factor. 
Hence  the  expression  =  mabe. 
To  find  m,  let  a=b  =  c=  1,  and  we  have 
4+4+4=ra; 
w=12. 

.-.  the  expression    =12a6c. 

In  the  preceding  examples  the  factors  have  been  linear,  but  the 
principle  applies  equally  well  to  those  of  higher  dimensions.  (See 
Th.  ii.  Cor.) 

8.  Examine  whether  xn  +  1  is  a  factor  of  xsn  +  2a;2n  +  3xn  +  2. 
Let  xn  +1  =  0,  or  xn=—  1,  and   substituting,   the   expression 

vanishes,  therefore,  xn  +  l  js  a  factor. 

9.  Examine  whether  a2  +  b2  is  a  factor  of 


Let  a3-f  62  =0,  or  a3  =  —  62,  substituting,  we  have 
2b*-ab3  —  2&4+a&8  which  =  0,  and 


therefore     a8-f  6  2  is  a  factor. 
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10.  Prove  that  a3  +&3  is  a  factor  of 


QQ 


Let  as-f-&3=0,  or  a3  =  _£3;    substituting,  we  have 

-a*b?-ab*-b5+a*b3+ab*+b5,  which  =  Q,  and 
therefore  a3+63  is  a  factor. 

Exercise  xSxvii. 

Kesolve  into  factors 


2.  bc(b-c)—ca(a-o)—ab(b-a). 

8f      9 
.  (a*  — 

4.  x(y+ 
V  5.  (.+4; 

V    £      ^./^ 
D.    d[0 — i 


8. 

9. 

10. 

xll. 


-3).  /u4*ej(«,V  < 

_l).    J-     V^     «*J/ 


13. 

14. 
15. 
•16. 

17. 

18. 


19.  Shew  that  a5  +a362  -a/;3  -  63  has  a3  -  b  for  a  factor. 

20.  Shew  that  (x+y)7  —  x7  -i/7  =lxij(x+y)(c> 

21.  Examine  whether  a3  —  5z-|-G  is  a  factor  of 


_222a.2 

^V)*t^ 
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22.  Shew  that  a-  b+c  is  a  factor  of 


23.  Shew  that  a*-{-3b  is  a  factor  of 


and  find  the  other  factor  . 
24.  Fine!  the  factors  of  a*(b-c)+b*(c-a)-+c*(a—l>). 


SECTION  V* — FACTORING  A  POLYNOME  BY  TBIAL  DIVISORS. 


Art.  XXVII.  To  find,  if  possible,  a  rational  linear  factor  of 
the  poiynome. 

xn-rbxn-l  +  cxn-"  +      .     .   '.     .      .      +kx+k. 
Substitute  successively  for  x  every  meastftre  (both  positive  and 
negative)  of  the  term  k,  till  one  is  found,  say  m,  that  makes  the 
poiynome  vanish,  then  x  -  m  will  be  a  factor  of  the  poiynome. 

EXAMPLES. 

1.  Factor  z3  + 9z2+16a;-f  4. 

The  measures  of  4  are  +1,  +2  and  +4.  Since  every  coeffi- 
cient of  the  given  poiynome  is  positive,  the  positive  measures  of 
4  need  not  be  tried.  Using  the  others,  it  will  be  found  that  —  2 
makes  the  poiynome  vanish  ;  thus 


-2 


1         9         16         4 

-2      -14     -4 


17  2;       0 

Hence  the  factors  are  (x  +  2) (x2  +  7x  •  f-  2 ) . 

The  labour  of  substitution  may  often  be  lessened  by  arrsPng- 
ing  the  poiynome  in  ascending  powers  of  x,  and  using  1  + 
(measure  of  k)  instead  of  the  measures  of  k.  (This  is  really 
substituting  1  -r  measure  of  k,  for  !-=-#).  Should  a  fraction 
occur  during  the  course  of  the  work,  further  trial  oi  that  measure 
of  k  will  be  needless. 
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EXAMPLES. 

2.  Factor  x*  -  Wx*  -  63z+60. 

The  measures  of  60  are  +1,  ±2,   +3,  +4,   ±5,  &c.     Neither 
-{-I  nor  —  1  will  make  the  polynome  vanish.     Try  2  ;  thus 

60         -63         -10         1 
30 


30         -16J 

A  fraction  occurring  we  need  go  no  further.     —  2  will  also  give 
a  fraction,  as  may  easily  be  seen.     Next  try  3  ;  thus 

60         -63         -10         1 

20 


3 


20 


A  fraction  again  occuring,  we  may  stop.     —  3  will  also  give  a 
fraction.    Next  try  4  ;  thus 


Next  toy 

1 

60 

-63 
15 

-10 
-12 

1 

4 
4. 

1~ 

15 
60 

-12 

-63 
-15 

-    5^ 
-10 

1 

15 

-19* 

Next  trjixng  5  we  find  it  fails,  then  try  —5,  thus 

60         -63         -10         1 
-12  15     -1 


12 


-15 


1;       0 


The  remainder  vanishes  e&  required  ;  the  factors  are,  therefore, 


Art.  XXVIII.  When  k  has  a  large  number  of  factors,  the 
number  that  need  actually  be  tried  can  often  be  considerably 
lessened  by  the  following  means. 

Add  together  all  the  coefficients  of  x  (including  the  constant 
term  It)  ;  let  the  sum  be  called  kr 


92 


FACTORING. 


From  the  sum  of  the  coefficients  of  the  even  powers  of  x 
(including  k)  take  the  sum  of  the  coefficients  of  the  odd  powers  of 
x ;  let  the  remainder  be  called  k2.  (In  the  coefficients  are  in- 
cluded the  signs  of  the  terms). 

1st.  If  k1  vanish,  x-l  will  be  a  factor  of  the  polynome. 

2nd.  If  k2  vanish,  #+1  will  be  a  factor  of  the  polynome. 

3rd.  If  both  A^  and  k2  vanish,  #2-l  will  be  a  factor  of  the 
polynome. 

4th.  If  neither  kL  nor  &2  vanish,  (writing  p  for  "  a  positive 
measure  of  k  greater  than  1  ") ; 

(a)  We  need  not  try  the  substitution  of  p  for  x  unless  p  —  1  be 
a  measure  of  kl9  and  p  +  1  a  measure  of  k2. 

(0)  Nor  need  we  try  the  substitution  of  —  p  for  x  unless  p-*-l 
be  a  measure  of  kl9  and  p  - 1  a  measure  of  k2. 

(In  trying  for  measures,  the  signs  of  k,  klt  and  ks  may  be 
neglected. 

EXAMPLES. 

1 .  Find  the  factors  of  x3  -  10z2  -  63Z+60.     (See  Ex.  2  above). 
Here&  =  60;  kl=      1-10-68  +  60=  -  12, 
k2  =  -1-10+63+60=112. 

Tabulating  the  trial-measures  we  get 


10,     12, 


10, 


(It  is  evident  that  12  is  the  highest  measure  of  60  we  need  try 
in  the  upper  table,  for  the  next  measure,  15,  would  give  14  as  a 
trial-measure  of  12,  and  higher  measures  of  60  would  give  higher 
trial-measures.  Similarly,  10  is  the  highest  measure  that  need 
be  tried  in  the  lower  table.) 


12 

1, 

2, 

3, 

4, 

60 

2, 

3, 

4, 

5, 

6, 

112 

4, 

7, 

12 

3, 

4, 

6, 

60 

2, 

3, 

4, 

5, 

6, 

112 

1, 

2, 

4, 
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In  the  upper  table,  8  is  the  only  measure  of  60  that  gives  a 
full  column ;  hence  of  the  positive  measures  of  60  we  need  try 
only  the  substitution  of  3  for  x. 

In  the  lower  table,  2,  3,  and  5  give  full  columns,  hence  we 

must  try  the  substitutions  —  2,  —3,  —5  for  x. 

• 

On  trying  the  four  substitutions  to  which  we  are  thus  restricted 
we  find  —  5  is  the  only  one  for  which  the  polynome  vanishes. 
(See  Ex.  2  above). 

2.  Find  the  factors  of  #4+12a3-40a;2+67a;-120. 
A;=-120;  7^  =1+12-40+67-120= -80  ; 
/:„  =  1  - 12  -  40  -  67  - 120  =  -  238. 


80 
120 
238 

80 
120 

238 


1,  2,  4,     5, 

2,  3,     4,     5,     6,     8,     10,     12,     15,  &c. 

7, 


-   4,     5, 


16, 


2,     3,     4,     5,     6,     8,     10,     1        15,     20,     24,    &c. 
1,     2,  7,  14,     21, 


The  upper  table  gives  us  6  as  a  trial-measure,  and  the  lower 
gives  us  —3  and  —  15. 

Trying  these  we  get 


-120 

67 

-40 

12 

1 

1 

-20 

6 

-   20 

7* 

-120 

67 

-40 

12 

1 

-1 

40 

3 

-40 

35| 

-120 

67 

-40 

12 

1 

-1 

8 

—  5 

3 

-1 

15 

-     8 

5 

-   3 

1: 

0 
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Hence  x+ 15  and  a;3  -  3#2  +  5x  -  8  are  the  factors.     The  latter 
cannot  be  resolved,  for  our  tables  above  tell  us  we  need  try  only 
x—  6,  a;+3,  and  #+15.     The  first  two  have  been  found  not  to  be 
factors,  and  15  will  not  measure  8. 
4.  Factor  a;4  -  27z2  +  Ux+ 120. 

fc=  120 ;  &1=  1-27+14+120  =  108    * 
&3  =  1-27-14  +  120=   80. 

9 

10,     12,     15,  &c. 
16, 

10,     12,     15,  Ac. 

The  upper  table  gives  us  3  and  4,  the  lower  table  gives  us  -  2, 
—  3,  and  -5.     Using  these  in  order  we  get 


Hence  x  -  3  is  a  factor. 
Hence  #  — 4  is  a  factor. 


108 

1, 

2, 

3, 

4, 

120 

2, 

3! 

4, 

5, 

6, 

8, 

80 

4, 

5! 

108 

3, 

4, 

6, 

9 

120 

80 

t 

1; 

4> 

|; 

6, 
5. 

8, 

1 

3 
1 

120 

14 
40 

-27      0 
18  -3 

1 
-1 

40 

18 
10 

-  3   -1; 

7       1 

0. 

4 
-1 

10 

7 
-5 

i;    o 
-1 

i; 


0  Hence  #+2  is  a  factor. 

and  there  remains  x  +5,  a  factor. 

Hence  the  factors  are  (a?—  3)(«—  4)(z+2)(a; 
6.  Factor  «4  -px*  +  (q-l)x*+px-q. 


Since  both  kl  and  &2  vanish,  the  polynome  is  divisible  by  both 
x—1  and  JB+  1. 


1 
-1 

1 

-p 

I 

q-l 

p 

q-p 

.—  t 

9 

1 

-p+l 

q-p 
+p 

-•y 

0 

-p 
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Hence  the  other  factor  is  x2  —px+q. 
6.  Factor 
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The  positive  measures  of  k  are  1,  a,  a3,  a3.  Of  these  1  may 
be  rejected  at  once,  since  neither  kv  nor  k2  vanish,  and  a2  and  a3 
may  also  be  rejected  since  k±  or  (a  +  1)3  is  not  divisible  by  either 
rt2  +  l  or  as  +  l.  But  &j  is  divisible  by  a-f-1,  and  &2  is  divisible 
by  a  —  1  ;  thus  we  need  only  try  the  substitution  of  —  a  for  x. 
(See  4  0,  page  92) 


—  a 

-a2 

-a* 

-a 

a 

a 

a2; 

0 

-a 

0 

-a2 

0 

a; 

0 

Hence  the  factors  are  (x-\-a)*(x2+a). 

1.  Factor  xz  -  (a+c)x*+(b  +  ac)x-  be. 
k   =  —  be  ; 


fca  =  -  1  -  (a+c)  -  (b+ae)  -  be  =  - 

The  factors  of  klt  other  than  1,  are  6  and  c.  kl  is  not  divisible 
by  either  6±1  nor  byc+1.  However,/^  is  divisible  bye—  1, 
and  k^  is  at  the  same  time  divisible  by  c-f  1,  :.  we  need  only  try 
bhe  substitution  of  c  for  x.  (See  4  *,  page  86). 


be 


~ac 


b\ 


Hence  the  factors  are  (x-c)(x2  -ax+b). 
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2.  i 

3.  ; 

4.  i 
5. 

6.  x< 

7.  X'* 

0,   X4 

9.  m 

10.  x< 

11.  m 
12. 

13.  m 

14.  a^ 

29. 
30. 


Exercise  xxxviii. 

15.  x3- 

16.  x3-| 

17.  a3- 

18.  p*- 

19.  «4-[ 

20.  a6"- 

21.  a4- 

22.  «4- 

23.  p*- 

24.  x3n-j 

25.  ?/4- 
26    a4- 

27.  a34 

28.  *2a3n 
-  18x3  +  113x2  -  288x-f  252. 


Art.  XXIX.     To  find,  if  possible,  a  rational  linear  factor  of 
the  polynorne 


First  Method.     Multiply  the  polynome  by 


or  writing  y  for  ax, 


Factor  this  polynome  by  the  method  of  the  last  article,  replace 
y  by  ax,  and  divide  the  result  by  an~l. 

EXAMPLE. 

• 

Factor  3x4  +  5x3  -  33x2  +  43x  -  20.  * 

Multiply  by  33  and  express  in  terms  of  3x. 

(3x)4-f5(3x)3-99(3x)24-387(3x)-540; 
or,    2 


FACTORING. 


97 


Here  k=  -540  ;  kl  =  1  +  5-99  +  387  -540=  -246; 
A-o  -1-5-99-387-540 *  -1030. 


246 

540 

1030 


1,  2,     3,     6,     41,     82,     123,     246. 

2,  3,     4, 

5, 


246 

540 

1030 


3,     6,     41,     &c.  (Trying  by  factors  of  246 

2,     5,  instead  of  by  factors  of  540, 

1,  for  convenience). 

The  only  factors  of  540  in  full  columns  are  4  in  the  upper 
table  and  2  in  the  lower  one ;  hence  we  need  try  only  the  substi- 
tutions 4  and  —  2. 


1 

-540 

387 
-135 

-99 
63 

5 
-9 

i 
-1 

4 

-135 

63 

-   9 

-1; 

0 

Hence  y  -  4  is  a  factor.  The  substitution  —  2  .need  not  now 
•be  tried,  since  we  see  that  135  is  not  a  multiple  of  2.  The  other 
factor  is  therefore  ?/3-f  %2  -63i/  +  135. 

Replacing  y  by  'Sx  and  dividing  by  27  ; 


which  are  the  factors. 

Art.  XXX.  Second  Method.  Writing  m  for  "a  measure  of 
a,"  and  p  for  a  "  measure  of  k,  positive  or  negative  ;" 

Fora;  substitute  every  value  of  p  —  m  till  one,  sayp'-r-wi'  bb 
found  which  makes  the  polynome  vanish  ;  then  m'x—p'  will  be 
a  factor.  Should  a  fraction  be  met  with  in  the  course  of  substi- 
tution, further  trial  of  that  value  of  p  ~m  will  be  useless. 

Should  k  have  more  factors  than  a,  it  will  generally  be  better 
to  arrange  the  polynome  in  ascending  powers  of  x  and  use  values 
of  m+p  instead  of  p-^-m,  making  p  positive  and  m  positive  or 
negative. 
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To  reduce  the  number  of  trial-measures,  calculate  k^  and  &3,  as 
directed  on  page  92,  then  1,  2,  3  hold  as  on  that  page,  but  in  4 
read  p  —  m  for  p  —  1  and  £>+ m  for  p  + 1. 

EXAMPLES. 

1.  Factor  36x3  +  171z2-22;e+480. 

/k  =  480?£1==     36+171-22+480  =  665 
&*=_  36+171+22+480  =  637. 

m  may  have  any  of  the  values  +1,  +2,  +3,  +4,  +6,  ±9, 
+  12,  +18,  +36. 

In  forming  the  table  write  out  the  measures  of  kl  ;  take  each 
measure  in  succession  and  add  to  it  each  value  of  m  separately, 
should  the  sum  measure  480,  i.e.,  k,  add  to  it  the  same  value  of 
m,  and  should  the  new  sum  measure  637,  i.e.,  &2;  keep  the  mea- 
sure of  480,  writing  above  it  the  value  of  m  used.  Should  the 
sum  in  either  case  not  be  a  measure,  another  value  of  m  must  be 
tried  ;  when  all  the  values  of  m  have  been  tried,  another  measure 
of  665,  i.e.,  7cL  must  be  tried  till  all  have  been  tested.  (Measures 
of  kl  or  665  have  been  used  in  this  instance  because  they  are 
much  fewer  than  those  of  480  ;  measures  of  k2  or  637  would  have 
done  equally  well). 

m=+3,     +1,     +3  -2     -3     -9      -3 


665 
480 
637 


1,         5,         7  5         7       19       19 

4,        6,       10  34       10      16 

7,         7,       13  111       13 


Hence  the  only  substitutions  that  need  be  tried  are 

3      JL^I^I^Z^Z^frJ- 
T'     6"    10'    ~~3f        4'      10'    "16'  x' 

Arrangement  in  ascending  powers  of  x. 

By  actual  trial,  as  below,  we  find  ^f  is  the  only  one  of  these 
giving  a  zero  remainder. 
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8 

480 

-  22 
860 

171 

86 

4 
1 

120 

80 

6 
8 

80 

9* 

144 

10 
-2 

-3 
4 
-9 

48 

12-2 
-320 

228 

-266 

160 

-114 
360 

133; 

-230 

120 

-432* 

10 
-3 

48  ' 

-45-4 
-  90 

21 

-36 

16 

30 

-  7 

12; 

0 

(The  coefficients  are  written  only  once,  and  understood  for  the 
other  Hues  of  substitution.) 

Hence  the  factors  are  Bx  ^-16  and  12a;2  -  lx+  30. 

The  latter  factor  cannot  be  resolved,  for  16  will  not  measure 
30,  and  all  the  other  factors  left  for  trial  by  the  tables  above, 
have  been  tried  and  have  failed. 

2.  Factor  10z4  -x»(15y  +  4z)  -a;2(40?/2  _6y*)  + 


Here  m=  ±1,  ±2,  ±5,  or  +10.     k  =  -24t/32. 
A:1  =  10-(15i/+42)-(40.7/2_67/2)  +  (602/ 
=  10  -  I5y  -  40?/2-f  6ty  3  -  2»(2  -  3y  - 


2)(2+32/-82/2-122/3))  as  may  easily  be  found 
by  making  the  calculation. 

We  get  at  a  glance  2*  a  factor  of  k,  2z-5  a  factor  of  klt  and 
2z-f  5  a  factor  of  k2  ;  hence  taking  m  =  5,  we  are  directed  to  try 

n 

the  substitution  —  -  for  x. 
5 


2? 
5 


10     _ 


4z 


2     - 


24?/  : 

0 
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Hence  5x—  2z  is  a  factor,  the  other  being 


The  latter  factor  being  homogeneous,  the  method  of  this  article 
may  be  applied  to  it. 

m=+lor±2,    A;  =  12,  yfc1=3,    £2  =  15. 
m  =  i;         2,         1,         -1 

1,  1,         3,  3  The  other  columns 

2,  3,        4,  2  are  not  full. 

3,  5,         5,  1 

Hence  the  trial- substitutions  (arrangement  in  ascending  powrers 
of  a)  are  J,   9     1    -1 


3 

12 
15 


1 

;'    a'    *' 

12  _ 

2 

-8 
6 

-3 

-  1 

2 

-2 

2 
2 

6 

-1 
4 

-2; 

2 

0 

3 

2 

l; 

0 

^  Final  factor  is  2y  +*. 

Hence  the  factors  are  (x—  2#)(2a;  —  8y)(a+2y),  and  these,  with 
the  factor  5x  —  2z  already  found,  give  the  complete  resolution  of 
the  polynome  proposed. 

(The  factor  5x  -  2z,  might  easily  have  been  got  by  the  method  of 
Art.  XXIII.,  page'79,  but  the  present  solution  shows  we  are  inde- 
pendent of  that  article.  It  may  also  be  obtained  by  rearranging 
the  polynome  in  terms  of  y). 

Exercise  xxxix. 

Factor 


2. 
3. 

4. 
5. 

6.  150^  -725a;32/+931^3*/3  -f  920ov/3  -  1152i/4. 

7,  36^-6(9  -7^3- 
8. 
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CHAPTEE  IV. 


SECTION  I. — DIVISION.      MEASURES  AND  MULTIPLES. 


Art.  XXXI.  When  one  quantity  is  to  be  divided  by  another 
the  quotient  can  often  be  readily  obtained  by  resolving  the  divisor 
or  dividend,  or  both,  into  factors. 

EXAMPLES. 

1.  Divide  a*-2ab-t-b2  -c*+'2cd-  d*    by  a-\b+c—  d.      Here 
we  see  at  once  that  the  dividend  =(a  —  b)2  -  (c-d)2,  and  /.  quo- 
tient =  a-b  —  (c-d)  -a  —  b  —  e  +  d. 

2.  Divide  the  product  of  a2  -\-ax\-x2  and  a3-\-x3  by  a*  -\-a-x~ 
-fa;4.     Here   a3-{-x3  =  (a  -{-x)^a2  —  ax-{-x2),  and  the  divisor  = 
(a3  -f  ax+x-)(a2  —  ax+x2)  :.  the  quotient  is  a-\-x. 

3.  Divide  a3+a-b+a2c  —  abc-b2e-b<-2  by  a2  -be.     The  divi- 
dend is  a(a2  —be)  -f-6(«3  —  bc)-}~c(a2  —  be)  :.  the  quotient  =  a+  ft  -*-c. 

4. 


Dividend  =a*+b*+3ab(a+b)  -G*  - 
-  c3  —  Sab(a  -\-b-c)  which  is  exactly  divisible  by  a-f  b  —  c  ;  quotient 
=  a3  +  b  -  -f  c  2  -  ab  +bc  +  <vf  . 

5.  Divide  x5  —x*y-}-x6yz  —  x'3y3  +xy*—y6  by  xs  —y3. 

The  dividend  is  (Art.  XXV.)  evidently  (xQ-y«)  *  (x+y),  and 
tliis  divided  by  x3  -  >j*  =  (.<>3+^3)  4-  (z-f  ?/)  =x3  -  xy+y'\ 

6.  Divide   6(a;3+f/3)  +  t/a;(a;2-'a2)+a3(a;  +  a)  by  (a+b)(x±a). 
Striking  the  factor  x  +  a  out  of  dividend  and  divisor  we  have 

ax+a*)+.ax(x^a)+a*  =  b(x*^ax+a*)l+n(&  -  ax^-o-) 
=  (a  +  b)(x3  —  ((£  +  <i2)  .'.  quotient  =x2  -ti.*--\-(i-  . 
1.  Divide  aiw*  +x3(«q  +  bp)  -\-x2(<u--\-bq+i>c)  -}-x(f/<  •+!;>•)  -f  cr  by 
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Factoring  the  dividend  (Art.  XXIII.)  we  have 


:.   the  quotient  =  the  latter  factor. 

8.  Divide  6z4  -  ISax*  +  lSa2x2  -  lSa*x-  5a*  by  2a3  -  Sax-  a2. 
This  can  be  done  by  Art.  XVII.     The  divisor  is  2x2  -  a2  -  Sax, 

and  we  see  at  once  that  3#24-5#2  must  be  two  terms  of  the  quo- 
tient. 

Multiplying  diagonally  into  the  first  two  terms  of  the  divisor, 
and  adding  the  products,  we  get  -f  7a3^2  ;  but  +13a2x2  is  re- 
quired. /.  +6a2x2  is  still  required,  and  as  this  must  come  from 
the  third  term  multiplied  into  —  Sax,  that  third  term  must  be 
—  %ax  •  :.  the  quotient  is  3x2  +  5a2  —  2ax. 

NOTE.  —  By  multiplying  the  terms  -  2ax,  —  Sax,  diagonally  into 
the  #2's  and  «2's  respectively,  we  get  the  remaining  terms  of  the 
dividend  ;  it  is,  of  course,  necessary  to  test  whether  the  division 
is  exact. 

9.  Divide  2a4-a3&-12a2&2-5«&3-M&4  by  a2  -  b2  -  2ab. 
Here,  as  before,  one  factor  is  a2  —  ft2—  2ab  -,    :.  two  terms  of 

the  other  factor  are  2a2-462.  Multiplying,  as  in  the  last 
example,  we  get  —  6a262  ;  but  —  12a262  is  required.  /.  —6a2b2 
is  still  needed,  and  -}-Sab  is  the  third  term  of  the  required  quo- 
tient, which  is  therefore  2a2—  462-f  Sab. 

Prove  that 
10. 


l-xn 
Product  =  l—  -.        -~ 


11.  Divide  (a3-fo?)3+8&Sc«  by  a*+bc 
=  (a2-k)3+(26c)3  by  (a*- 
r.-  (a2  -ftc)2  -(«2  -6c)  x 
_  a4__ 
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12.  Divide  1-f  2357947691z9  by  1-  llz-f  121z3 
Dividend  =l  +  (lla:)9 


Divisor  ={l  +  (lla:)  »}  ^- 
.-.  quotient  =  U-(Ux 


Exercise  xl. 

Find  the  quotients  in  the  following  cases  : 

1.  l-x+x2  -x*  +  l-x. 

2.  l- 
8.  x 
4. 

5.  l-4a;3+12a;3-9x4-f  l  +  Zx-Sx". 

6.  («2_ 

7.  x3—  y  s+z*  -\-3xyz  -^x-y  + 


9 

10 
11 
12 
13 
14 

15.  a;*-2/4+24  +  2x2s2-  27/2-1  -T-  x*  -y*+z*  -I 

16.  a;4-(a+^^3  +  (fe  +  ac)«2-te  -5-  x-c. 
17. 

18 
19 
20 


21.  a26 

22.  a6-c3  +  6c-a3+ca-fe3  -r-  a2  -a6- 
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23_  «2o2_|_  2^c--a26.2_/,2c2  _,_  ab+ac-bc. 

24.  a3+2/3  +  3z?/_l  -:-  a+y-l. 

25.  a;8--a;3-2  -4-  a;2-a;+l. 

26.  a4  -29«2._  50^-21  -4-  a2-5a-7. 

27.  (2a;-y)2a4-  Saa  4  -6 


28.  (»»  -  1)«3  _  (3.3 


Art.  XXXII.  The  HIGHEST  COMMON  FACTOR  of  two  algebraic 
quantities  may,  in  general,  be  readily  found  by  factoring.  The 
H.  C.  F.  is  often  discovered  by  taking  the  sum  or  difference  (or 
sum  and  difference)  of  the  given  expressions,  or  of  some  multiples 
of  them. 

EXAMPLES. 

1.  Find  the  H.  C.  F.  of  (b-c)x2+(2ab-2ac)x+a*b-a*c,  and 
(ab-ac-\-b2-bc)x-t-a2c+a1)2  -a^b-abc. 

Taking  out  the  common  factor  b—  c  we  get  (b-c)(x2  +2ax+ab) 
and  (b  —  c){(a  —  b)x-a^-}-ab}  ; 
.*.  b  —  c  is  the  H.  C.  F.  of  the  ^iven  expressions. 

2.  Find  the  H.  C.  F.  of 

1  —  x  +  y  +  z  —  xy-±-yz  —  zx  —  xyz,  and 
1  —  x  —  y  —  z  +  xy  -h  yz  -f  zx  —  xyz. 

Their  difference  is  2?/+2z-2^?/-2zz  =  2(l 

Their  sum  is  2  -  2x+2yz  -  2xyz  =  2(1  —  x) 
.-.  theH.  C.  F.  is  (l-x). 

3.  Find  the  H.  C.  F.  of  x5  +  3x4  -  Sx2  -  9x—  3,  and 


The  annexed  method  of  finding  the  H.  C.  F.  depends  on  the 
principle,  that  if  a  quantity  measures  two  other  quantities,  it  will 
measure  any  multiple  of  their  sum  or  difference. 
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1+3         0-8-9-3     (a) 
I    _   2   -   6  +  4   +13   +   6     (b) 

~~5~+~6   -12   -22   -   9"  (c)  [  =  {a)-(6>] 


g-l-6         0-16-18-6  (a)x2 

1-2-6  +  4   +13  +  6  (b) 

'3  4.  4    .76   -12    -^~5~  (d) 

15   -i-18    -36   -66   -27  (c)x3 

15   +20   -30   -60   -25  (^)x5 


~25~+30    -60   -110   -45  (c)  X  5 

27   +36   -54   -108    -45  (d)  x  9 

-a"-   6-6-2 

1   +  3  +  3  +     I     (g) 
H.  C.  F.  =  (x+l)*. 

The  coefficients  are  written  in  two  lines,  (a)  and  (b).  They 
are  then  subtracted  so  as  to  cancel  the  first  terms,  (a)  is  next 
multiplied  by  2,  and  added  to  cancel  the  last  terms.  If  (c)  and 
(d)  had  been  the  same  their  terms  would  have  been  the  coefficients 
of  the  H.  C,  F.  Since  they  are  not,  we  proceed  with  them  as 
with  (a)  and  (b)  till  they  become  the  same.  When  (a)  and  (b) 
do  not  contain  the  same  number  of  terms  it  is  more  convenient 
to  find  only  (c),  and  then  use  this  with  the  quantity  containing  the 
same  number  of  terms.  The  general  rule  is  to  operate  on  lines 
containing  the  same,  or  nearly  the  same  number  of  terms. 

4.  Find  the  H.  C.  F.  of  3z3-+2a2-14#+8,  and 

13a;—  12. 


3   +   2-14   +   8  (a) 

6  -11  +13   -12  (b) 

6   +  4   -28  ^+16  (a)  X  2 

15   -41   +28  (c)                           (&)-(«), 

(5_7)(3_4) 

H.  C.  F.  =  3a;-4.  (d) 

If  (a)  and  (b)  have  a  common  factor  its  first  term  must  measure 

8  and  6,  and  its  last  term  must  measure  8  and  12.     (c)  is  not 
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therefore,  the  H.  0.  F.  Kesolve  (c)  into  factors.  5x—7  is  not  a 
factor  of  (a)  and  (b).  If,  therefore,  (a)  and  (b)  have  a  common 
factor  it  is  3#  —  4.  On  trial  Sx  —  4  is  found  to  be  -a  factor  of  (a) 
and  .-.  it  is  the  H.  C.  F.  of  (a)  and  (b). 

5.  Ifx^+px+g,  and  a;2  -f  rx+s  have  a  common  factor,  prove 
that  this  factor  is 

g  —  s 
x  +  ~^~-     Ifx—a  be  the  common  factor  then  the  remainders 

on  dividing  the  given  expressions  by  x—  a,  must  be  zero,  i.  e., 
=  Q,  and  a2  -\-ra  -J-s  =  0,  or 


s  —  q 
(p-r)a  =  s-q,  .-.  a=  ^^,  and 

s  -g  q-s 

*-*=*-   —r    =*+    —  • 

6.  What  value  of  a  will  make  a2x2-}-(a+2)x+l,  and 
a-x2  +a2  —  5,  have  a  common  measure. 

They  cannot  have  a  monomial  factor.  Neither  can  they  have 
one  of  two  dimensions  unless  (a  +  2)  vanishes,  i.e.,  unless  a—  —  2, 
in  which  case  the  expressions  become  4a;3-J-l,  and  4aj2  —1,  which 
have  no  C.  F.  Hence  if  the  given  quantities  have  a  C.  F.,  it 
must  be  of  the  formx+m;  dividing  a2x2+a2—  5  by  x-\-m,  we 
have  for  remainder, 

5-rt2  1 

asm8  +  a2  —  5  =  0,  or  m2  =  --  ^  —  ;  .•.  m=  —  |/(5  —  a2),  in  which 

l/(5  —  a2)  must  be  possible  and  integral,  .-.  a2  =4,  (a2  =  1  gives 
values  to  m  which  on  trial  fail)  and  a  =  ±  2,  of  which  the  positive 
value  .must  be  taken,  and  .-.  2«+  1  is  the  C.  F. 

7.  If  the  H.  C.  F.  of  a  and  b  be  c,  the  L.  C.  M.  of 

a6-  b6 


Let  a-  me,  b  =  nc,  and  .-.  a3  =ws6-3.  63  =  ?i3c3.     Thus 
(a  +6  )  =  c  (m   +n  );  (a   —ft  )=?c  (m  —  w  ),  and 
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TheQ.   C.  F.  of  the  last  expressions  is  c4(w*-w*),  .".  the 

c6(m«-?ie)       a6-  b* 
L.  C.  M.  =  C4(w«-we)==   -  ^—2—  -'  =  —  -;-• 

8.  If  (x-a)z  measures  x*+qx-\-r,  find  the  relation  between  q 
and  r. 

Let  x+m  be  the  other  factor,  then 


equating  coefficients, 


.-.  m  =  2a,  and  /.  a3-4a3  =5-,  2a3=r,  and 

Q,  ^3  r  r2 

=  -       ,  ora«=-;  and  a»  =  —  or  «6  =  - 


Or  thus  :— 
Dividing  xs  +  qx+r  by  (a  —  a)2  we  find  the  remainder 


and  as  this  wiil  be  the  same  for  all  values  of  a;,  we  have,  by  equat 
ing  coefiScieute, 


and        r-2a3  = 
or  g-s  = 

and  r2=       4a6  ; 

r2        ?3 
therefore  -j-  +  ^y  =  0,  as  before. 

Exercise  xli. 
Find  the  H.  C.  F.  of  the  following  : 


2. 

3.  ^3-(^  +  9)«2  +  (^-g')a;-|-y,  ^a;3  -(p+q)x*  -f 

4.  ax*-(a-b)x*-(b-c)x-c, 

5.  l_35«- 

6.  a 
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7.  aso;s  +  rt5-2rtte3  +  &2z3+a3&3-2^,  and 


8.  (ax-\-by}*-(a-b}(x+z}(ax  +  bij)+(a-byXz,  and 
(ax-by)*  -(a  +  b)(x+z)(ax-by}  +  (a  +  b)*xz. 

9.  a(b*-c*)  +  b(c*-a2}  +  c(a2-b2)  and 

rt(&3  _C3)  +  £(C3  _a3)+c(a3  _  J3). 

10.  a3«-M2m_!_rt»-|-1>  and«3m  -a*m+am-l. 

11.  If  #3+tf#a4-fce+c,  and  x2-\-a'x  +  b',  have  a  common  factor 
of  one  dimension  in  a,  it  must  be  one  the  factors  of 

(a-a')x2  +  (b-b')x+c. 

12    Determine  the  H.  C.  F.  of  (a-&)5+(&-c)6-f(c-a)»,  and 
[^-M)*<f0»-e»V*  +(«'-••)?• 

13.  Find  the  H.  C.  F.  of 

,  and 


14.  If  a:3+joa;+9,  and  a;3-f-wia?+n  have  a  common  linear  factor, 
shew  that 

(n—  ?)2+  n(m—p)2  =m(m—p)(n—q). 

15.  Find  the  L.  C.  M.  of  a3  -3a;3  +  3a;-l,  ,^3  -x*  -aj+1, 
aj*~2a;3+.2a;-l,  and  »4  - 

16.  Find  the  L.  C.  M.  of 


,  and  ic 

17.  Find  the  value  of  y  which  will  make 

and 


common  measure. 

18.  The  product  of  the  H.  C.  F.  and.  L.  C.  M.  of  t^vo  quantities 
is  equal  to  half  the  sum  of  their  squares,  one  of  them  is 

2#3  -  11#2  +  17z  -  6   ;  find  the  other. 

19.  Hz+aand  x-a  Are  both  measures  of  x3+px3  f  qx+r, 
shew  that      =  r. 
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20.  If  xs+qx+r  and  x3  +  mx+n  have   a   common   measure 
(x—'a)*-,  show  that  q2ns=m2rs. 

21.  If  the  H.  C.  F.  of  x*+px  +  q  and  x*+mx+n,  bea:+a,  their 
L.  C.  M.  is 

a4  -t-(w  -  a)x3  +px2  -f  (a3  +  wjD)»+a(wi—  a)(«8  +p). 

22.  If  a2  +ga;  +  l,  and  x3+pxa+qx+l,  have  a  common  factor 
of  the  form  x+a,  shew  that  (p  -I)2  —  q(p  —  l)  +  1  =  0. 

23.  If  x*+px*+q,  and  x2+mx+n,  have  x+a  for  their  H.  C. 
F.,  shew  that  their  L.  C.  M.  is 


24.  If  x*+px  +  l,  and  x*+px2  +qx  +  l,  have  x-a  for  a  com- 

mon factor,  shew  that  a=   ______ 

l-q 

25.  Find  the  H.  C.  F.  of  (a8  ~68)3  +  (fca  -c»)3+(ca-ras)3, 


26.  If  a  be  the  H.  C.  F.  of  b  and  c,  0  the  H.  C.  F.  of  c  and  a, 
y  the  H.  C.  F.  of  a  and  6,  and  J  the  H.  G.  F.  of  a,  b.  ami  c,  then 

abed 
the  L.  C.  M.  of  a,  b,  c,  is   -^    • 

27.  If  aj-fc  be  the  H.  C,  F.  of  x*  +ax-\-b,  and  z8  +a'x+b',  their 
L.  C.  M.  will  be  x3-\-(a  +  a'-c)x^+(aa'  -c*)x  +  (a-c)(a'  -c)c. 

28.  Shew  that  the  L.  C.  M.  of  the  quantities  in  Ex.  2  (solved 
above)  will  be  a  complete  square  if  x  =  y2±z2  -y2z*. 

29.  Eind  the  H.  C.  F.  of  xs+2x6+3x*  -2a:8  +  l,  and 
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Art.  XXXIII.  When  required  to  reduce  a  fraction  to  its 
lowest  terms,  we  can  often  apply  some  of  the  preceding  methods 
of  factoring  to  discover  the  H.  C.  F.  of  the  numerator  and  de- 
nominator. 


FK  ACT  JONS.  • 

EXAMPLES. 
ac+by+ay+bc  c(?+ty+y(a+b) 


2     a*—baB-a2b2+ab3         a\a*  +  b*  -ab(a+b}\ 
a£>-ba*-ab*  +  b*~'    =   a^-^) 

a(a,+b)(a-b)*  a 


Here  the  numerator  is  evident!}'  (a;6  —y6)  -=-  (*-2/),  and  th« 
denominator  is    —  ~^   .     The  result  is  .". 


5.    _ 

Here  we  see  at  once  that  the  numerator  =  (a; -  5 )(#  —  7) ;  and 
it  is  plain  that  x  —  1  is  not  a  factor  of  the  denominator;  we  .-.  try 
x  —  5  (Horner's  division),  and  find  the  quotient  to  be  x2  —  i 

.-.  the  result  x~7 


6 

The  factors  of  the  numerator  are  at  once  seen  to  be  £*-h2#-f  3, 
and  x2  —  2#+3,  of  which  the  latter  is  one  factor  of  the  denomin- 
ator, the  other  being  (Horner's  division)  -2  -  '2x  —  1 :  .-.  the  result 

is 
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Exercise  xlii 
Reduce  the  following  to  their  lowest  terms  : 

a;2  -7^4-  6  3xy*  -13xy+Ux 

' 


-12 


_  5' 


10.  From  EK.  4  (solved  above)  show  that 


12.  Shew  that 
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Art.  XXXIV.  In  reducing  complex  fractions  it  is  often 
convenient  to  multiply  both  terms  of  the  complex  fraction  by  the 
L.  C.  M.  of  all  the  denominators  involved. 

EXAMPLES. 
1.  Simplify    i( 


Here  the  L.  C.  M.  of  all  the  denominators  involved  is  12  ; 
/.  multiplying  both  terms  of  the  complex  fraction  by  12,  and 
removing  brackets,  we  have 

63+8-8+63;  12z  Bx 


2.    a- 


•21-4X-17        "    4-4;e   "    l-x 
a-b 


1-fafc 

'.    Here  multiplying  both  terms  by  1  +#&,  wo  get 
\-\-ab 

a(l+ab)-a-+-b 
I+ab+a(a~b) 


3. 


1-4-  -— — .     Here  multiplying  both  terms  of  the  frac- 

4  —  X 

tion  which  follows  x  —  1  by  4  —  a;,  the  given  fraction  becomes  at 
onoe  .  ,  and  now  multiplying  both  terms  by  4,  we 

4  ~~  X 

4 

4  4 

have . — , =   --— . 

It  may  be  observed  that  when  the  fraction  is  reduced  to  the 

form  —  -7-   — ,  we  may  strike  out  any  factor  common  to  the  two 
b  d 

denominators,  and  also  any  factor  common  to  the  two  numerators; 
it  is  sometimes  more  convenient  to  do  this  than  to  multiply 
directly  by  the  L.  C.  M.  of  all  the  denominators. 
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ja+b       a  —  b\ 
4.    Simplify   [j^j  +  -^J  ,    ^ 

Here  the  numerator  of  the  first  fraction  is  (a-\-b)2-\-(a— b)2 
and  tho  denominator  is  a*  —  b*  ;  the  numerator  of  second  fraction 
is  (a2+63)3  —  (a2  —  62)8,  and  the  denominator  is  «4-64;  the 
former  denominator  cancels  this  to  a2-f  62,  which,  of  course,  be- 
comes a  multiplier  of  the  first  numerator : 

.-.  we  have  — ^a+p^a  _(aa_ja>» 
Occasionally,  we  at  once  discover  a   common  complex  factor, 
strike  this  oui,  and  simplify  the  result. 
Ill 

_ t  __         I         

a  / 1  1  \  *      1 

n  :  here  the  den.  =     —  4-  -H     — -r- 
— -  j.  — -  _  — -  j.  — -  la          * '        c 

a2         62    ""    c2         a6 

/I  1  1  \    /  I  1  1  \ 

'  ~l~  '  '  ~l   \~~^  ~^ — ~ 1 »  and  cancelling  the  com- 
mon factor  we  have 

1          I  I,  and  multiplying  by  abc,  this  = abc . 

a  "  ~b~         T  bc+ca  -  ab 

Exercise  xliii. 

Simplify  the  following ; 

a  +  b         a     b 
1-^(1-^(1 —x}}         a^b  +  ci+k 


l-i{l-J(l  -'. 

c)}         tt-i-6 

a-b 

a-b  ~~ 

a-tb 

X                  X 

1               1 

x±y       x  —  y 

l-«  "  1+a 

<Lc 

1    ' 

x*  -  ?/» 

I  -a  "*"  1-J-a 

1 

x-y 
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3 
13.    - 


... 


15  I1-*2        l~x 

\l-a;s   "  l~ic+ 
16.  Find  the  value  of 


17.  Find  the  Talue  of  ,/{!  —  /(I  -a?)} 


18.  Find  value  of 


Art.  XXXV.  When  the  sum  of  several  fractions  is  to  be 
found,  it  is  generally  best,  instead  of  reducing  at  once  all  the 
fractions  to  a  common  denominator,  to  take  two  (or  more)  of 
them  together,  and  combine  the  results. 

EXAMPLES. 

1.  Find  the  sum  of 

y-x          x*-y* 


Here  taking  the  first  two  together  we  hare 

fejjrt'  +  C-y)'    =    ^!±^!  ;  now  add  this  to  _  .51 
•2(x*-y*)  x--y3 

and  we  get  (*'+*•?  -(*-y^_   . 

- 
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2.  Find  the  sum  of 


l+x  ±x  Sx  l-x 

'-  -~        -' 


l-x 
Here,  taking  the  first  and  the  last  together,  we  have 


taking  this  result  with  the  second  fraction,  we  have 

8a; 


now  take  this  result  with  the  remaining  fraction  and  we  get 
1  1     \  Wx 


-a4         l-fz4/   .      1-x* 
x*n  xn  1  1 

8'    5TZT   -   *+l    -   ^r_~i    +  jrpt      Taking  in    pairs 

those  whose  denominators  are  alike,  we  have 

«3n—  1  iB2*—  1 


The  work  is  often  m?jde  easier  by  completing  the  divisions  repre- 

sented by  the  fractions. 

2x+l          4a;+5 
4.    Find  the  sum  of  1+   vTx   —  *    By  dividing  num- 


erators into  denominators,  this 

3  13 


2a;-2 


2a;2-2  «2_i 

a;  2J-9         a?+l         *-8 

6'   ^2  +  ^7   "  ^T   -   ^6:  ^  have,  by  division 

2222 
+  ^Z2  +1-   ^7   -1-   ^1   ~1+  ^6'°r 

2  2  2  2  2(2s-8)  2(2g-8) 


f          1  1          I 

L*) 


=,  (80  -20x)-j-(a;4- 

[denominator  =  (x2  -8ic)2+19(«3  -8«)+84J. 
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6.  Find  the  value  of 

x+2a         x+  26 


x  = 


4«  46 

By  division,  1  +  +  1  + 


2  +  4  \x_2a  -f   "^To^)  '   but  the  quantity  in  the  brackets 


(a+b)x-4ab 


/.  the  value  of  the  given  expression  is  2. 
Exercise  xliv. 

Simplify  the  following  : 
,     x  —  a 


5  '   x  +  a 


" 


2-  a6+  a3  - 


1  1  2a 

~          "  ""  x 


\ 
a;2/' 


+  x         a  —  x         a2+i 

a  +  b  ~~  aT^-~b   "    ab—b*    ~       -°  '  -r 
3+2ic         2  -  Sx         IQx— >„ 
2-x  2  +x  x-}~4" 

1  1  1 

jo/         i          .  "^^^/^          — \        "l" 


2a2(a2-fa;3) 


8      _ 

2a;-l    " 


4  9  a:-l 


a:+2 
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10.    2 


+ 


Sa3x  a  —  x  \ 

"  ~*    '"  "   a~+~x  f 


13     5a;~4 

' 


llic-8  18 

^  a 

'  '  "     ' 


_  _ 

8a;+a  9«4-"2a?" 

4*  -17         8a;-30         10aj-8 
1  /»     __  _   j_    _____ 

a;_4  2a;-7  2a;-5 

a+H-2c 
17.    Find  the  value  of-     -          -f 


x-l 


• 


(a  _&)»  +  ! 


_ 

-  ^rz^yi"^8~-T63  K  ^Tfcy^r^^  x  (a+b^^a^- 
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Art.  XXXVI.  The  following  are  additional  examples  in 
which  a  knowledge  of  factoring  and  oi  the  principle  of  symmetry 
is  of  advantage. 

EXAMPLES. 

i    x2-^Lv^)l      y2  -(*-*)*      **-(*  tf 

'    (x+  zY-y*   "   (y+aj)»-*a    "   (z+y)*-**' 
Cancelling  the  common  factor  x  —  y-\-z  in  the  two  terms  of  the 

first  fraction,  there  results  -     ~~jr;»    hence   by    symmetry,   the 

denominators  of  the  other  two  fractions  will  be  x-\-y+zt  and  the 
numerators  will  be  y-{-z—x,  z+x—y\  .'.  sum  of  the  three 
numerators  =x+y+z,  and  the  result  =1. 

.  ab  be  ca 

mpllfy  (c-a)(c-b)   +   (^I6)(^T)   +   (T^X^)' 

The  L.  C.  M.  of  denominators  is  evidently   (a—  b)(b—  c)(c  —  a). 
This  gives  for  numerator  of  first  fraction  —  ab(a  —  b),  and  by  sym- 
metry the  other  numerators  are  —  bc(b  —  c),  —ca(c  —  a). 
ab(a—  b}+bc(b  —  c}  4-ea(e  —  a) 


we  have  - 

(a  —  b)(b  —  c)(c  —  a) 

(a-b)(b-c)(a-c) 

' 


2.  Eeduce  the  following  to  a  single  fraction  : 
a  b 


(a-lj)(a-c)(x-a)  (b-a)(b-c)(x-b)     r  (c- a)(c-b)(x-c)' 

Here  the  L.  C.  M.  is  (a-b)(b-c)(c-a)(x-a)(x-b)(x-c) ;  the 
numerator  of  the  first  fraction  is 

—  a(b  —  c)(x  —  b)(x  —  c),   -and    .-.   by   symmetry  that  of 
second  is  —  b(c— a)(x  —  c](x  —  a),    and  that  of  third  is 

—  c(a  —  b)(x  —  a)(x  —  b)  ;  and  their  sum  is 

-  {a(b  —  c)(x-b)(x-c)+b(c-a)(x  —  c)(x  —  a)  + 

c(a-b)(x-a)(x-b)}. 

This  vanishes  if  a  =  6,  hence  a  — 6  is  a  factor,  and  .•„  by  sym- 
metry b  —  c  and  c  —  a  are  also  factors.1   Now  the  product  of  these 
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is  of  the  third  degree,  while  the  whole  expression  rises  only  to 
the  fourth,  hence  x2  cannot  be  involved.  The  other  factor  must 
therefore  be  of  the  form  *nx+n,  in  which  mis  a  number. 

To  determine  n  put  x  =  0,  and  the  expression  becomes 
abc{a  —  6-f  b  —  c-j-c  —  a]  =  0  ;    .-.  n  =  0,  or  the  other  factor  is  mx. 

To  determine  m  put  a  =  0,  6  =  1,  c  =  -1,  %nd  w  will  be  found  to 
be  1.     The  numerator  is  .-.  x(a  -  b)(b  —  c)(c—.a),  and  the  result  is 


#  —  a)(x  —  b)(x  —  c) 


*  /A  «\/y»  xv  \  ~l  /„  s*\  f  ~  l,\ 


a)(a-6)          (a-b)(b-c) 
L.  C.  M.  of  denominators  is  (<x  —  6)(6  —  c)(c—  a)  ; 

.•.  first  numerator  is  a2  —  62,  and  b}7  symmetry 
second  "  62  -c3,  and 

third  "  c2  —  a2  ; 

the  sum  of  these  =  0,  which  is  the  required  result. 
4.  Reduce 

JL  +  ^1.      _?_   ,  (•^-y 

""  " 


Here  the  numerator  becomes 
2(?y  -  z)(z-x)  +  %x-y)(z 
(a;—  2/)24-(7/~2)2-f(z  —  x)2,  which  is  evidently 


5.  a3 


Observe  that  the  denominators  become  the  same  by  changing 
the  sign  between  the  fractions,  and  that  the  expression  is  sym- 
metrical with  respect  to  a  and  6.  The  numerator  of  the  first 
fraction  is  a12  +  6a963  -  12a666+8a369,  and  by  symmetry  that 
of  the  other  is  —b12  -6b9a3  -l'2b*a6  —  8b*a9.  Their  sum  is  /. 


=  (a6  - 

and  since  the  denominator  of  the  given 
expression  is  (a3  —  b3)3  :.  the  result  is  «3-f-i3. 


FRACTIONS.  121 


Exercise  xlv. 

Simplify  the  following  : 

/a:-2y\  3  -2s-      3 

1-    •  +y 


2.  • 


""  (7^)(a^T)   " 

1 


(6)(7)  (b-a)(b-c)  (c-a)(c-l 
a  —  b  b  —  c  c  —  a  (a  —  b)(b—c)(c  —  a) 
a^rb  ""  b+c  +  "" 


7' 


«)         (2  -  x)(z  -  y) 

63  C3 


-  aft)  -  c] 


11 


12 

. 


,-         _  __ 

"" 
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(X~^y}(z^x)    "    (y^(X-^f)     "     (g-X)(y-Z)' 

+ 


15.     «  - 


b-c 

16.       -1 — L    ,  i — L_ ,  ,        _L 
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Art.    XXXVII.     If  -     =  -         •'•  flrf  =  &c.     Now, 


dividing  ad^lic 

by  ca,  we  have  — 

c 

•   a). 

a 

b 

"      <ri  =  6c 

c, 

=    ~d      '  •  '     ' 

.      (2). 

d 

c 

"      ad  =  bc 

a 

.      (8). 

Al8°  l^^L    = 

eacn  of  the  given 

fractions      .     . 

.      (4). 

^T)+^(T)  («* 

l+n<*)T      a 

e 

mb+nd         mb    +nd 
A  very  important  case  of  this  is  w=t  1,  n=  ±1,  hence 
a  c          rc-f-c         a  —  c 

T         ~d      ~~   6+1    :=    6^/     ....... 

a—b         c—d 
Also    -  -.-r    =    —  :—  7      ..........       (6). 

a-\-b         c-\-d 

For  by  (fi)  and  (5) 

a  6  «—  ft         a+6         a—  ft         c—  «^ 


c  —  d    "    c+d    "    a+b    "    c-\-d 


.,  i       __._ 

a^6   __     6  rf 

"'**' 
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Generally,  to  prove  that  if  —    -    —,  any  fraction  whose  nu- 

b  d 

merator  and  denominator  are  homogeneous  functions  of  a  and  6, 
and  are  of  the  same  degree,  will  be  equal  to  a  similar  fraction 
formed  with  c  instead  of  a  and  d  instead  of  b  :  —  Express  the  first 

fraction  in  terms  of  —  ,  and  for  —  substitute  its  equivalent  — 
b  b  d1 

and  reduce  the  result. 

By  (2)  the  fractions  may  be  formed  of  a  and  c,  and  b  and  d. 

If  ±        ^.        ^-    ™*+™+P*    .     ^_  or  -L'or  —         (7) 
b  d      '    f      mb+nd+pf  '      b  d          f 


mb+nd+pf  mb+nd+pj 

(mb+nd  +  pf)- 


i                          mb  +  nd+pf              b 

If  —   —   —   and    —   —   -E- 

b            d                n           q 

ma+pc         pa  +  mc          ma   ^  pa          9 

nb  +  qd          qb  +  nd    '      nb          qb' 

TT\      ma         pc         i9ia~T~pc  -\      /.,,.. 
bor  —  -    —   —  -   =    -r~~    by  (5) 
nb          qd          nb  +  qd 

pa         me         pa  +  mc      % 

qb    "    nd    "      qb  +  nd 

3ut  ^   =  ^,  hence  the  equality  stated  in 

(8). 

T.    a            c            e         ,      m           p            r 

[f  —  —   —   t~   —  and    —   _   J_   _   — 

b           d          f               n           q           s 

rr.i  +  pc  +  re         pa^-rc  +  me 

-    —     —    fan       — 

ma 

(   ' 


qb±Sd±nf 

If  an  upper  sign  be  taken  in  a  numerator,  the  corresponding 
upper  sign  must  be  taken  in  the  denominator  ;  if  a  lower  sign, 
the  corresponding  lower  sign,  otherwise  all  the  signs  are  inde- 
pendent of  each  other. 
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EXAMPLES. 
!•    If"!"  =  -T-,  show  that  ,=-       r   =    " 


b      ~    d>  uu7a+56  -     7c-f  5< 

a  c 

5—  -  4  5—  -  4 

The  given  fraction  =  — ——   =  ~— i— 

a  c 

7-7-  +  5  7-r  +  5 
o  « 

a  c  2a3_i_3a2& 

2.  If -7-  =  -r  shew  that 


0  0,  o 

b  d  .    Sa2b  —  4:b3         3c2a  — 

Dividing  the  given  fraction  by  6s  we  have 


,  and  this  becomes,  on  substituting  for  —r  its  equal  -y> 


C3 


am 

^3^.53  ias  \ 

8.  If  3a  =  2&,  find  the  value  of  a^b_ab2-    This  =   [jg-  +  l)  -?- 

—   _  — I     [by  dividing  both  numerator  and  denominator  by 
62  6  / 

a       2 
63].     But  from  the  given  relation  ~^~  =  "o"  we  have,  by  substi- 

a 

tuting  for  -y r» 


a  c 

4-  ^T  =  T-  Prove  that 

a  6 

We  have  T  =  T  •  = 


5  6*       /«+*\4 

- 


1f)K 

«~**W.  ~J 

x*+ax-b 


—  -   =   -  —  r,  shew  that  x  =  —  -. 

xs  -  ax9  +  bx  -fc         x~  —  ax-}-t>  <*> 


,     T, 

D.   If    -j— 
xs  -  a 

Multiplying  both  terms  of  second  fraction  by  x,  it  becomes 

+ax*-bx 

~~'9jLh   >    now  eacn  °1  the  given  fractions  = 


difference  of  numerators 
difference  of  denominators  ; 


b 

or  2ax  =  26  .-.  x=   — 
a 


For         =ss      = 


_       _       _ 

6»"  ~  rf?  =  /3  =  p^f^F^/S  •    BJ  CO" 
<W       Q? 

But    TJ  —  Tj  hence  the  required  equality. 

THie  problem  is  a  particular  case  of  (9),  -with  all  the  signs  -f- 
and  a  for  m,  6  for  n,  c  for  p,  &c. 

(If  the  fractions  ^iyew  equal  to  one  another  have  not  monomial 
terms,  instead  of  seeking  to  express  the  proposed  quantity  in 
terms  of  one  fraction  and  then  substituting  an  equivalent  frac- 
tion, it  is  often  better  to  assume  a  single  letter  to  represent  the 
common  value  of  the  fractions  given  equal,  and  to  work  in  terms 
of  this  assumed  letter.) 


7    If 


c-f  a 


3a-6  4(6  -c)          5(c-«) 

prove  that  82a-f  35&  +  27c  =  0.      . 
Assume  each  of  the  given  fractions  =  x,  so  that  a-}-b  =  &(a  —  b)x, 
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or 


/.    adding  these  fractions  we  have  82g  +  85&+27e  =  0. 

This  example  might  also  be  worked  as  a  particular  case  of  (7), 
thus 

a-\-b  b  +  c  c-\-a 


8{*-6)    "    4(6  -c)         6(c-a) 

20(g+  b)  +  15(64-c)  +  12(c+g)         82a+856+27c 


(a  -  6)  +  60(6  -  c 


=  0  x  —  ±*~  =  0. 

3(«  —  o) 


rt     re  «8          c2  c  (  a  c  e  ]  ,-, 

8.  If  —  +  —   =   —  \  —  _   —  4.  —  I,  prove  that 
62         /*          d(l          d          f] 

t  a  +  c  +  e  \2  g*+s*+3* 

:  < 


Transposing  terms,  &c.,  we  have 

«s          2ac         c2          0s         2ce         c* 

b*  '    ~bd  +  d*  +    3  '    "jr  '  "  ^2  =    °« 


-T   =  0; 

that  is,  the  sum  of  two  essentially  positive  quantities  =  0  ; 
.-.  each  of  them  must  =  0  ;  hence  we  have 

a  c  e  c 

_  _  _  „   0)  and  j  -  T   =   0; 

a  c  e  .     .     a2          a2c2  +  "2 

T       T    :     "  '       "^  :  :  " 


Also    fl  .    • 

»T     =   6+34?'     '  ^   := 


. 

• 
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Exercise  xlvi. 


,   a  c  a 

L  If  T  =  T  prove  -S 

-   a  c  a3  —  c2 

2.  If  _   =   _,  prove  ^-^ 

b.  Given  the  same,  shew  that  each  of  these  fractions 


4.  If  2x  =  3y,  write  down  the  value  of 

Qf  s*- 


5.  If  *    =4  =  4,  shew  that  A  =   !ggr^-^ 

6  a          /  6          mb  —  nd  —  pf 

6.  From  the  same  relations  prove  that  —   =    (a~mc~    g 

53         \b-md-nfl 


7.  If 

1  —  x 


c    Tf  ll- 

.    =   a,  prove  that  x  =  j-~r—*' 
l/(a+x)-i/(a-x)  1+a2 


n    Tj?  --^          mx—c—d 

9.  If  .  —         L_    =  -  ,   prove  #   = 


n—m 


10    If     a~b  b  —  c,  c—a  a-\-b  +  c 

ay  +  bx   "    bz  +  cx   "    cy  +  az    ~      ax  +  by+cz 


then  each  of  these  fractions  =    -  ,  a  +  b +c  not  being  zero. 

x-\-y+x 

a-b         2(6 - c)    "    3(c-a)' 


,    Jf 

12.  If  ^-  —  77—     :   =   —i   shew 
I/a—  y  (a  —  a;)  a 


and  ^  y>  *  be  une^ua1'  8hew 


that  each  of  these  fractions  is  equal  to 
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that   each    of    these 


fractions  =  (xy  —  1  )  -f  (xy  —  3)  , 


8(3*  -4)  aj-4          3 

15.  If  ~r       --     =   -  —  »    shew  that 

2aj  —  4. 


4.bc 
16.  If  y  =  shew  that        _   +     -£  =2. 


18.  If  -=—        =    -^  -     =  -,  shew  that  a,2 

x2-yz         y--zx        z*-xtf 


19.  If   -          -   =  ,-r^ —    =    -^  -5.    then  wi 

tt-f-u — C  0-f-C —  d  C-f-d  —  0 


ci        c       e 

20-  If      =     =      ^^ 


01     ,.  . 

21.  If  -  r    =    ~—    -    =  5    shew  that 

a  —  b  b—c  c-a 


..  x~a 

22.  If  —  p  ,     9  —     —  ^-;  —  =-    =     -T—  »    shew  that  each  of  these 


expressions  =  1  , 

1    la  —  b\  1  /&  —  c\  1  /f 

23.  If   T(aT-J      =    ^J    =  -    aDd  a,  i,  o  be 

different,  shew  that  Wa  +  llb  +  15  =0. 

24.  If^Q2   =  ^1*,    piove  that  ^+/ 

2i5.  If  _:i_  -i-,,  shew  that  a 


26.  if  -1,  prow  that  ?±      ,    V- 

b  d  a-b         v  >c)- 
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27.  If  —   =   —    =*   -^-,  then  each  is  equivalent  to 
b  a  J 


>henceshewthat 
fb+md+mf 


28.  If  —   =  — ,  prove  that 

b  d 

29.  If    -*        =    .-L.    =  '.j-V-T,  prove  that 


~(y-«) 

a  b  c 


30.  If      _  -  *'         =    -    r-*—  -  .  then  wiU 

-  wtz)         my(lz  -  nx)         nz(mx  —  ly) 


s  my  nz 

81.  If  ^    1/(^!Z^D,  and  y-  =  I,  shew  that 


z 
32.  If  =   £=.  =    22  =   1,  shew  that 


83.  If  '±   =   ±   =   A   and  f!  =          =  ?1   = 


, 

•tliat       +       +    T 


34.  If  -r   =   -j  =  y   =   &c.,  then 

ffyn^_(ttn 
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«oc  a  0  c 

and  (J  +  5  +  C)(0-{-&+c 

then  will 


and  also     ^       +      B      +      C       =  0. 


r^         wA;  zl  x2          y*  ?3 

If         =  =  and          =       -    =  = 


,,         .../*         y     ,     M3        «2        &2 
then  will  (T  +  T  +  - )     -lp  +  ^  + 

I 


SECTION  IV.  —COMPLETE  SQUARES,  &c. 


1.  What  quantity  must  be  added  to  x9+px  to  make  it  a  com- 
plete square  ? 

Let  r  be  the  quantity. 

Then  x2  +px  +  r  =  complete  square  =  (x  +  N/~)  2 


Equating  coefficients  we  have 

2v/r=  p 


Or  thus:  Since  (</-fz)s  =a2  4-  2ax  -f-  a;3  ;  we  observe,  (See 
Art.  XII),  thatjfcmr  times  the  product  of  the  extremes  is  equal  to  the 
square  of  the  mean, 


.-.    r  =  {-^-}    >    as  before. 
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Or  we  may  extract  the  square  root  and  equate  the  remainder 
to  zero .  thus 


X' 

p  ~ 


px  + 


Now,  if  the  expression  be  a  complete  square,  this  remainder 
must  vanish  ;  hence  we  have 


.  Pi   -    IP\ 
'    4  I  2/ 


2.  Find  the  relation  connecting  a,  b,  c,  if  ax2+hx+c  is  a  com- 
plete square. 

Assume  ax-  +bx+c  =  (i/a.x+i/c  )2=nx2  +  2j/(ac).a;  +  c. 

Now,  since  this  holds  for  all  values  of  x,  we  have  2  Jac  =  h,  or 
6*  =  4ac,  the  relation  required. 

3.  Determine  the  relation  amongst  a,  b,  c,  in  order  that 

a2x2  +  bx-{-bc-\-b2  may  be  a  perfect  square. 
As  in  Ex.  1,  we  have  4a2z2(&c  +  &3)  =  b*x2  ; 


Or  thus  : 

Assume  a2x2  +  bz+bc+b2  =  (nx  +  y'oc  +  62) 


Equating  coefficients,  we  have  6 

.•.    —    .-   —    =    1,  as  before. 
4a'2          b 

The  same  result  may  also  be  obtained  by  extracting  the  square 
root  and  equating  the  remainder  to  zero. 
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4.  Show  that  if  sc*+ax3  +  bx2+cx+d  be  a  complete  square, 
the  coefficients  satisfy  the  equation  c2  —  a^d  =  0. 

Is  it  necessary  that  the  coefficients  satisfy  any  other  equation  ? 

Extracting  the  square  root  of  #4-f  ax3+bx2  +  cx+d  in  the 
usual  manner,  we  have  for  the  final  remainder 


4  /  4  I          4  /  ' 

Now,  if  the  expression  bo  a  complete  square,  this  remainder 
must  vanish  ;  and,  that  it  may  vanish  for  general  values  of  x,  we 
must  have 


Eliminating  b  -    ?1,    we  have  e2  -o»d  =  0      .     .     .       (3). 

The  coefficients  must  satisfy  the  equations  (1)  and  (2),  and 
therefore  either  of  these  equations,  together  with  the  equation  (3), 
which  results  from  them. 

The  same  result  may  be  obtained  by  assuming 


Equating  coefficients,  we  have  2  v/d+  la2  =6      .     .     .      (1) 

and       a^/d=c       .     .     .      (2). 
From  (2)  we  have  c2  —  a-d  =  Q,  as  before. 

5.  What  must  be  the  value  of  m  and  n  if 
4x4  —  12x3+25ic2  —  ±mx+Sn  is  a  perfect  square  ? 

.  Assume  the  expression  =  {(2#2  -  3x+  ^/(Sn)  }  2 

=  4o;4  -  12x*  +  4x2  /(Sw)-!-^11  -  6W  (8w)  +  8n. 
Equating  coefficients,  we  have  6^(8^)  =  4m      ....      (1), 

25      ....      (2); 
»=2, 
wt  =  6. 
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Or  thus  :  Extracting  the  square  root  in  the  ordinary  way,  the 
remainder  is  found  to  be  (— 4?n-}-24):c  +  8w— 16  ;  /.  we  must 
have  4m  +  24  =  0,  or  m  =  6, 

and     8^-16  =  0,  or  n  — 2. 

6.  If  axs-\-bx2-{-cx+d  be  a  complete  cube,  shew  that  ac3  =  db3, 
and  62  =  3ac. 


Assume  as 

=  a,c3  +  3a*^ 
Equating  coefficients, 

&  =  8fl*d* (1) 

c  =  3a*'d% (2) ; 

\     /    * 

dividing  (l)by(2),  A   =   -^  ; 
c  d  .< 

Also,  &»  =  9a*di- (3); 

62 
dividing  (3)  by  (2),  —  =  Sa  ; 

C 

7.  Find  the  relations  subsisting  between  «,  6,  c,  d,  «,  when 

ax*+bx*  +  cx-  -\-dx-\-e  is  a  complete  fourth  power. 
Assume  a#4 

=  03 

Equating  coefficients,  we  have 
b  = 


whence  bd  =  I6ae (1). 

....       (2). 
....       (3). 
8.  Shew  that  x*-}~px3-\-qx2  +rx+s  can  he  so  resolved  into  two 
rational  quadratic  factors  if  s  be  a  perfect  square,  negative,  and 

equal  to  -^--. 


134 


COMPLETE    SQUARES. 


Since  —  s  is  a  perfect  square,  let  it  be  n*. 

Assume  a*  +px*  +  qx*+rx-n* 

=  (xz  4-  mx+n)(z*  -*-m'x-  n) 

=  x*  +  (m-irm  ')u,  *  -J-  mm  'x  2  -  n  (m  —  m  )x  -n 

Equating  coefficients,  we  have 

w-f  m1  =  p 


^ 


Exercise  xlvii. 

1.  What  is  the  condition  that  (a  —  «)(6  —  x)—  c2,  may  be  a  per- 
fect square. 

2.  Find  the  value  of  n  which  will  make  Zx^+Sx+n,  a  perfect 
square. 

3.  Find  a  value  of  a;  which  will  make  x*  4-  6as  +  ll^2  -f8#-{-  31,    * 
a  perfect  square. 

4.  Extract  the  square  root  of 


5.  Find  the  values  of  m  and  rc  which  will  make 
4o;4  —  4a;3  +  5a;3  -rnx+n,  a  perfect  square. 

6.  "What   must  be  added  to  a4  —  </(4x*  ~16z'-f  16)  -4a3  in 
order  to  make  it  a  complete  square  ? 

7.  The  expression  a;4-f  a3  -  1  6a;2-4a;  +  48,  is  resolvable  into 
two  factors  of  the  form  x--\~  mx  +  6,  and  a;3  -{-wz-f-S;  determine 
the  factors. 

8.  Find  the  value  of  c  which  will  make  4z4  —  c#3  -{-  5#  -  -f  ~  -f  1, 
a  complete  square, 
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9.  OoLui.  the  square  root  of 

4{(a2  -  b*)cd+ab(c*  -d2)}  2  -f-  {(a2  -  b*)(c*  -d*)  -  labcd}  2. 

10.  If   (a_6)^2  +  (a  +  6)2a:+(a2  -  62)(«+6),   is    a    complete 
square,  then  a  =  '3b,  or  b—Sa. 

11.  Find  the  simplest  quantity  which,  subtracted  from 
a2x2+iabx  +  4:acx-t-5bc-\-b2c2,  will  give  for  remainder  an  exact 
square. 

12.  a4  -  4z3  -z2  -f  16#  -  12  is  resolvable  into  quadratic  factors 
of  the  form  x2  +  mx+p,  and  x**  +nx-\-q  :  find  them. 

13.  Find  the    values   of   m    which  will    make   x2  +  max  +  a* 
a  factor  of  x*  -axz-i-a2x2  -a*x+a*>. 

14.  Shew  that  if  #4  +axz  +  bx'*  +cx+d  be  a  perfect  square,  the 
coefficients  satisfy  the  relations 

8c   =a(46-a2),  and 


15.  Investigate  the  relations  between  the  coefficients  in  order 

that  ax^+byZ+cz"  +flxy-{-eyz+fxz  may  be  a  complete  square. 

i 

16.  If  x*+ax*+bz+c  is  exactly  divisible  by  (x+d)*,  shew  that 


17.  Determine  the  relations  among  a,  5,  c,  ^,  when 
ax*  —  foe2  +  ex—  d,  is  a  complete  cube. 

18.  The   polynome   ax*  +  3ke2  +3cx+  d  is   exactly   divisible 
by  (a-x)2  ;  shew  .  that  (ad-  be)2  =  ±(ac-b*)(bd-c2). 

19.  Find  the  relation  between  p  and  q,  when  xP+px*+q,  is 
exactly  divisible  by  (x-a)2. 

20.  If  ic2-fwax'-f  a8  is  a  factor  of  a4+  az3-f  a2^2+as^  +  a4, 
shew  that  w2  -n—  1  =  0. 

21.  If  x*+ax*-\-bx2  +cx-\-  d,  be  the  product  of  two  complete 
squares,  shew  that 
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22.  Prove  that  cc4  f  pxs+qx2+rx-{-s  is  a  perfect  square,  if 

2  p2 

p2s-—r,  and  5-  =  — -  -f-  2^/5. 


23.  If  a.£3+3for +3c.e-M  contain  aa;2+26^-fc  as  a  factor,  the 
former  will  be  a  complete  cube,  and  the  latter  a  complete  square. 

24.  If  m2x^ +px-\-pq+q2  be  a  perfect  square,  find  p  in  terms 
of  m,  g,  and  #. 

25.  Find  the  relation  between  p  and  <?  in  order  that 

xB+px2+qx+r  may  contain  (#4-2)3  as  a  factor. 

26.  If  x*-\-px* -\-qx-\-r  be  algebraically  divisible  by 

,  shew  that  the  quotient  is  x  +  — . 

3 


RELATION  IN  INVOLUTION. 

Art.  XXXVIII.     Ifaa'  =  bb'  =  cc',  prove  that 
1.  (a+b')(b+c')(c  +  a')  =  (a' 


2. 


(a1  —  c]  xa  =  aal  —  ac  =  cc'—ac  =  (c'  — 
(a'-cl)xa  =  aa/-ac'  =  cc'  —  ac'  =  (c 

:.  (a+b)(a+b')(a'-c)(al-c')x(aat)2 
(b'+a')(b+a')(c'-a)(c-a)xbb'.cc' 


and  (c1  —  a)(c  —  a)  =  (a  —  c)(a  —  c') 
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Exercise  xlviii. 

•If  aa'  =  bb'  =  cc'  prove  that 


2.  (b-c')(c-a)(a'  -b'J^^-b'^b-a^a'-c1). 

3.  (c-a'}(a-b)(b'  -c')  =  (a-c')(c-b)(b'  -a>). 

4.  (a-bl)(b-c')(c-al)  =  (a-c')(b-a')(c-bl). 

(a-b)(a-b')  (a-c)(a-c') 


(6-c)(6-c-)  (b-a)(b-a') 

"      f 


(bf-c)(b'-c')       '    (b'-a^b'-a'y 
(c-a)(c-a')  (c-b)(c-b<) 

'  («/_„)(<.'-«')       '    (c>-b}(c'-b'Y 

8.  Shew  that  the  seven  preceding  relations  may  be  derived 
Irom  the  single  relation 
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CHAPTEE  V. 


SIMPLE  EQUATIONS  OF  ONE  UNKNOWN  QUANTITY. 

Art.  XXXIX.  Preliminary  Equations.  Although  the 
following  exercise  belongs  in  theory  to  this  chapter,  in  practice 
the  numerical  examples  should  immediately  follow  Exercise  I., 
and  the  literal  examples  Exercise  III.  Like  those  exercises,  this 
one  is  merely  a  specimen  of  what  the  teacher  should  give  till  his 
pupils  have  thoroughly  mastered  this  preliminary  work.  But 
few  numerical  examples  are  given,  it  being  left  to  the  teacher  to 
supply  these. 

Exercise   xlix. 

What  values  must  x  have  that  the  following  equations  may  be 
true? 

I.  #-5  =  0.     3-3£  =  0.     x-a  =  Q.  £+3  =  0. 
2.3+4^  =  0.     x  +  a  =  Q.     3  +  3  =  5.  3-4  =  6. 
3.  x  —  a=b.     x+a  =  c.     x.-b= —c.  6-3  =  3. 
4.8-3=10.     5  +  3  =  11.     9+3  =  4.     7-3=  -5. 

5.  8+3=-  -6.     a— 3=36.     2a  =  3  +  36.     3a  =  56— x. 

6.  23-6  =  8.     33+8  =  20.     ax  =  a'*.     mx  =  bm. 
7. 

8. 
9. 
10.  («*-b*)x  =  a-b.  (a*-b*)x  =  a  +  b.  (a* 

II.  (a+x-b)  =  (a+b).     x-a+b  =  b-x+a. 

12.  2a  — 3  =  3  — 26.     ax-{-bx  =  c.     ax  —  b  =  cx. 

13.  ax  -  b  =  bx  —  c.     ax  —  db  —  ac. 

14.  ax  —  a£  =  bx  —  b*.     ax  —  as  =  bx  —  bs. 
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15.  ax  —  a*  =  bs  —  bx\    ax+b+c^a+bx-t-cx. 

16.  a  —  bx  —  c  =  b  —  ax-\-cx\     a  +  bx+cx2  =ax  —  b-}-cx*, 

17.  bx-c 


i  2 

c  '          IT* 

a  b         *          ac%          cib% 

19.  abx  = 1 ;     bcx=  — .   4.   __. 

b  a  bo 

20.  £a;=5;     f*  =  8;     -5z  =  2;    -3a;=-06. 

OO      •"!  ft/**  —  "I  *ft  •      • -        A  • 

a  b 

ax  b  x  ax 

23-  T       -'    ^*=c;    5+6=t 

a  +  ^  a          a  —  b         a-r-b 

^4.       —  ,x  =  ~r;  ~~;x=i — . 

a-  b          b          a  +  b         b  —  a 

a        _      a  b  -a     _  a  —  b 


a+b         a-c         1  12  3 

26  -~      a/  ~~  —    •      —    ___ 

'    a+c         a+6        a;  2  '      x  5 ' 

27  —   =   — ;     -1   =   —'     —   =   —•     —         —  +   -L 

a?          ab     ttx  b         x  c  *      x  3  4* 

28  -         1      -    ??         A-     i   4.  A=0 
'20         5x   ".    5x          3  '      a;  c    " 

^  fi          ^  5  9 

^7    '         ~  x^7 '     3a;-4  =      +4  ^3x' 

30.    (aj-4)-(x+5)  +  aj  =  8;     2x- (a; -5) -(4 -83)  =  6. 

81.  2(3-a)  +  3(a;-3)  =  0;    2(83-  4)-3(3-4a;)+9(2-a;)  =  10. 

82.  a(l-2aj)-(2aj-a)  =  l;    x-5(a-x)  =  bx-  5a. 

84.  a(bx-  c)+b(cx-a)+c(ax-b)  =  0. 

85.  ate 
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86.  a(bx-a)+b(cx-b)+c(ax-c)=Q. 

87.  a(aj-2&)  +  6(oj-2c)+c(aj-2rt) 

88.  8(8{8(83-2)-2}-2)-2=l. 
39.  9(7{5(3z-2)-4}-6)-8=l. 
40- 


42. 

43.  •l(l{l(3^-H)-H}-1i)-H  =  0- 

44.  i|{V8T(f{|-(^+4)  +  8}  +  12)  +  20}-f  32  =  68. 
45. 

46. 
47. 
48. 
49. 
50.  (9  -4a?)(9  -  5z)+4(5  -x)(5-4x)  =  86(2-a-)». 

Art.  XL.  In  order  that  the  product  of  two  or  more  factors 
may  vanish,  it  is  necessary,  and  it  is  sufficient,  that  one  of  the 
factors  should  vanish.  Thus,  in  order  that  (x  —  a)(x  —  b)  may  =0, 
either  #—  a  must  =  0,  or  x  —  b  must  =0,  and  it  is  sufficient  that 
one  of  them  should  do  so. 

Hence  the  single  equation  (a;—  a)(x  —  b)  =  0  is  really  equivalent 
to  the  two  disjunctive  equations,  either  x  —  a  =  0  or  x  -6  =  0,  for 
•either  of  these  will  fulfil  the  condition  of  the  given  equation,  and 
that  is  all  that  is  required. 

Similarly,  were  it  required  to  find  what  values  of  x  would  make 
the  product  (&—a)(x—b)(x  —  c)  vanish,  they  would  be  given  by 
x  —  a  =  0,  or  x  --  b  =  0,  or  x—  c  =  0    .*".  x  =  a  or  b  or  c. 

Hence  the  single  equation 

(x-a)(x-b}(x-c)  =  Q 
is  equivalent  to  the  three  disjunctive  equations 

x  —  a  =  0,  or  x  —  b  =  0,  or  x  —  c  —  0. 
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EXAMPLES. 

1.  Solve  >x?  -  x  -20  =  0. 

The  expression  =  (x  -5) (x -f 4),  which  will  vanish  if  either  of  its 
factors  does,  that  is,  if  x  -  5  =  0,  or  x+4.  -  0, 

/.   x  =  5,        or  x=  —4- 

• 
'2.  Solve  x*—  x*-x2+x  =  0« 

Thia  gives  x3(x-l)-x(x-l)  =  x(x-l)(x*-l) 

=  x(x—  l)(a;  +  l)(aj—  1),  which  vanishes  for 
3  =  0,  a?=l,  x=-l. 

3.  So\vex*+a2x*-ax-a*  =  0. 

This  =  x(x9  -  «)-fa5  (x*  -a) 

=  (x+a2)(x2  —  a),  which  vanishes  TOT 
x+a2=0,  and  x2  —  a  =  Q,  or 
x=  —  tt2, 

4.  Solve  a:2(a-6)+a2( 

The  factors  of  the  expression  are  (Ex.  2,  page  79) 

*  —a,  #— ft,  a  —  b;  hence  the  expression  vanishes  if 
x— a  =  0,  or  a;  — 6  =  0. 

5.  Solve  221x2-5x-6  =  0. 

Here  we  have  the  factors  17 x  -3  and  13a;+2  ; 
.-.   the  equation  is  satisfied  by  llx  —  3  =  0,  or  x  =  /7, 

and  13^+2  =  0,  or  x=  -Tsy. 

6.  Solve  2^+2a;3+6«- 18  =  0. 

In  this  case  we  have  2(#4  —  9)  +  2x(x2  +3) 

=  2(#2 +3) {a2  -  3+z} ,  which  vanishes  for 
a;3+3  =  0,  or  #2  +a?— 3  =  0. 

7.  Solve  («-a)34-(a-6)3-i-(6-a;)3  =  0. 

The  expression  is  equal  to  3(#  —  a)(a  —  6)(6  —  ic), 
and  therefore  vanishes  for  x  —  a  =  0,  or  x  =  a ; 
and  for  x  -  b  =  0,  or  x  =  6. 
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Exercise  1. 

1.  If  an  equation  in  x  has  the  factors  2#-4  and  2#  —  6,  find 
the  corresponding  values  of  x. 

2.  If  an  equation  gives  the  factors  2x-  1  and  3oj  — 1 ,  what  are 
the  corresponding  values  of  x  ? 

8.  If  an  equation  gives  the  factors  Sx2  — 12  and  4z  —  5,  find  the 
corresponding  values  of  x. 

Find  the  values  of  x  for  which  the  following  expressions  will 
vanish ; 

4.  a;2-2a;+l;  4x* -I2x+9. 

6.  9a;2-4;  x2  —  (a+ by  •  x2-2ax+a*. 

6.  a;2-9a;  +  20;   4z2  -  18x+20. 

7.  a;2 +»- 6:  a2  -x-  12;  9#2     9z-28. 

8.  6z2-12a;-}-6;  6z2  -  13:e-|-6 ; 

9.  6 

10.  A  certain  equation  of  the  fourth  degree  gives  the  factors 
x*—  x  —  2,  and  4#3  -  2x— 2,  find  all  the  values  of  x. 

Find  values  of  x  in  the  following  cases  : 

11.  a3-2ke 

12.  x*  -  ax2 
13. 

14. 
15. 

-  -  -2  8 -2 


•    x-b     '    x-a  (x-a)(x-b)         (x-a)(x-b) 

18. 
19. 

\X  —  Oj\X  —  Cj  y.t/       ^ )\vw       "•/    _ 

20      ~T"   /T wT \  — 

(tt  —  b)(d  —  c)  (o  — ^)(^ —  ^) 

/2»-a\  s 


SIMPLE    EQUATIONS.  H3 


22.    jfc+a  +  !,)*-x*  -  a3  -  6»  =  (x  +  a)(a»  -  6*). 


for 

""  "" 


(a  -&)(&-  a          o 

24.  Form  the  polynome  which  will  vanish  for  x  equal  5,  or 
-6,  or7. 

25.  Form  the  polynome  which  will  vanish  for  x  =  a,  or  4a,  or 
8a,  or   —  4a. 

26.  Form  the  equation  whose  roots  are  0,1,  -2,  and  4, 

27.  Form  the  equation  whose  roots  are  l-j-^2,  1—  v/2,  1  -  v''3, 
and  1  +  /  3. 

Art.  XLI.  In  solving  fractional  equations,  the  principles 
illustrated  in  the  section  on  fractions  may  frequently  be  applied 
with  advantage,  as  in  the  following  cases. 

When  an  equation  involves  several  fractions,  we  may  take  two 
or  more  of  them  together. 

EXAMPLES. 

Q  ,  A  Qx  +  5 
- 


Here,  instead  of  multiplying  through  by  the  L.  C.  M.  of  the 
denominators,  we  combine  the  first  fraction  with  the  last,  getting 
at  once 

7z-3          7  1 


U  ••  ^-  3  =  3^+1,  and  0,=!. 


2     —  ~ 

'       "         "~         " 


9  17*   -32          3          12  36 

In   this  case,  taking  together  all  the   fractions  having  only 
numerical  denominators,  we  get 

8«+34-f-12x-21a:-f-a;+16         13&-2 

""86  :    llx  -  32  ;  °r 

25         ISx-   2 
18   =:    17a;-32; 
/.    425z— 800  =  234^-36,  hence  a?  =4. 
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It  is  often  advantageous  to  complete  the  divisions  represented 
by  the  fractions. 

to- 17         8f  -  22a  6  /        «» 

"9  33  '  Ti1"    54 

Here,  completing  the  divisions,  we  have 

—         1Z         JL         2x  _         A        ^_ 
9          ~9~         T      '  ~3~=iC~~^r        T 

IPs  a;  6 

9    -2  =  a;+y         —   .-. 

ax+b         cx+d 


,   a/w+6  c-rc-f-d 

a  H  --  4-  c  -f  -  =  a-4-c 
x  —  w  a?  —  n 

/.      (am  +  b)  (x  -  n)  +  (en  +  d)  (x  -  m)  =  0 

(a//i-f-6  +  en  +  d)x  =  (a  -f  c)mn  -j-  bn+dm. 

5.   Similarly  may  be  solved 

ax+b         cx+d          ex*+fx-9 

-    +    -    4-    -,  -  TT  ---   \  =  a- 
x  -  m          x  —  n          (x—m)(x  —  n) 


am~\-b         cn+d 

x  —m          x  —  n  (x  —  m)(x-n) 

(am,-{-b)  (x  —  n\-{-  (en  -f-  d)  (x  —  m)  -f-  {  e(m  +  n]  -f-/}  x  —  emn  —  g  —  0. 
{(a-\-c)m+b  +  (c+e)n+d+f}x  =  (a  +  b  +  e)mn-\-  bn+dm+g. 


6.    —  ^      _|_    -  _LU    =    52; 

43  13 

.-.  44  -  g^7-r   +  8 

13  43 


—  43,  and  x—  14. 


7  Tr*     ,      -^^^  i^^o    =54. 

«4-l  3«4-2  aj-fl 

Taking  the  last  fraction  with  the  first,  and  multiplying  the  re- 
sulting equation  by  15,  we  have 
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80  -         =  76  +  5  - 


*-«  X-b  X-C 

6+f         a+c         b  +  c 


0; 


b+c  a  +  c  6+a 

which  is  satisfied  by  x  —  (a  +  b  +  c)  =  0  ;     .•.#  =  «  +6  +  c. 

q       w  n  w+w 

a:  +  «         x—b~      x  —  c* 

m(x  —  c)         n(x  —  c) 

—    +   -    -r-'    =    »»+«> 

X  —  Cl  X  —  0 

which  may  be  solved  as  in  Ex.  1. 

10     3a;+5          4^+9         15?±1         12a;+17 
"  "     ^+4    :       8iB+l  3a;-f-4  ' 

=  5  +  fi^I  '"  4  "  ST4'  or 

2  1 


8ar+l 


This  can  be  divided  by  Saj-j-7,  giving  3a;+7  =  0,  or  a?=  -{. 
The  result  of  the  division  is 


_     or 

' 


,  or  7cc2  =  -9«,  which  -,ve  can  divide 
b\  x,    .'.  x  =  0  ;  the  result  of  the  division  is  7x=  —9,  or  2=  —  &. 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9- 

10. 
11. 
12. 

13. 
14. 

15. 
16. 
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Exercise  li. 
12x+    2         5x-4 


18 


13a;-  16 


9 
2x4-15 


15  5x-  25  ~ 

35    x's+4 
x-l    ''      9          z+2   " 

(x-7         2-14a;         34-- 
-h         5 + 


10-8fB 


2x-9 


7 
Sx-a 


14 


19 
21' 


3(x-a)         2 
a -4         8a— 18 
"  +  18^6 


3s+  1 
2s -15 
x-12  «-  4  7 

_1_     _  9    ,      

a;-    7         *-12  ~     ^  x- 
x-2 


x-l 

8(aj-8) 


5(2a;2-f  3) 


+    o 


izs  + «— r2- 

3a?-19         3a?-ll 
a;-  13   "  '    " 

4- 
8 


6ar+13 
1 


5?  -     ?^2_±  ?  •  -^iL- 

5   ~   "2"  ~~        2x  ~  4  '  ^^T6 


l-25a? 
15 

i^2   ~ 


3-2ix          28 -  5x 
14(x-l)    :          8 


_15 

+  ^~18 
IQa;-  11 

80 


9_ 
4 

32 
x-ll 

a 


6-5a:+a;"3  2^       a; -5* 


48 


x+1 


5x-4 
a7=2 


7*  -10 


,»-9         a;+l         x-S 
a?-7    ""   *-l   "  »-tf 
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X*- 


x-5  x-9  a;- 8 


17. 


jg    tx-^i         <±x-\-\j         4x-[-6         4x4-10 

1          A   __     I     r7       ~~        A  „    t     A       '  t      .     t     w' 


in     2x  —  S  2a:  — 4  2x  —  7  %x  —  8 

19. ._    

e\f\          t  *&  "T"  O  *ji£  ~i~  *i  w  *C  j-  ±*C                 •*/  """  < 

JJ{J. i_  t        - 

'28  "   23^-6  4  21            42 

a2 -5  #2-11  a3 -7  a2 -9 

21-    -5— T:  + 


-12      "   «2-8   "r  a;2- 10 
22.   g  ~  1^ 


=  a;  — 


2  13  39 

23.         1-2a?  1+a?  1 

3(a;2-a;  +  l)   "   2(^  +  1)    ""   6(ar+l) 


0 ,      ^y;-  I-M;  —  ou          x-  -f  t:c  —  4  OJ2  —  17 

2*-7  x-l  ^^ 


' 


x—b     '    x     a         (x  —  a}(x  —  b)    '        a-\-x 

c\f*         A  ^iC  * f"  Xv/^Z       i 
ZO.      T 


2       13frg-5          13|a;-ll          13^-7  13^-9 

lQ>lx-6    "   13^-12       :    18^-8      "   18^-10* 


28.       _1-       4. 

O/  1  \  «) 


29. 

30     5?  81a?2_9  ^     2^-1          57  -8a; 

2    "    (8aj-"l)(j;+8)."  "T"    "^+3  2 
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82.    Z?-I.3CL  ..   5a;~7   ..   ?. 

101-  £a-8             21 

t^zlT1  _  m        2a;~9          J_ 

63    .  f  63 -~14^  "      7  ^ 

18z-22  I  +  6x                 101-64, 

83'    IS^Tffl  +  6*  +    ~8~ 


34. 


18z+86         6x4-26 


QK      . i      : _     _..:_. i      _ 

°-  '     5  2x+ll  2ic-H   9         ' 


QA  --L  i^  i  _     _ _  r\ 

ic+«4-^>     r  a:— a  +  ^         x+a—b         x  —  a—b 

Art.  XLII.     The  results  deduced  in  Section  III.,  Chapter 
IV.,  may  often  be  applied  with  advantage. 

EXAMPLES. 

ax  +b          m 

— ;       =       

cx  +  d          n 

(ax+b)d-(cx+d)b         md-nb 

:.     -, ( 7 —  — rf-   =   -  (page  123). 

(cx-\-a)a—  (ax+  b)c         na—mc 

md  —  nb 
x= 


2. 


3. 


na  —  me 

ax2+bx+c  a 

mx* -\-nx-\-p   "    m 

(SSS^S    =   W     (page  122). 

bx  +  c          a 

—r—     =     —    &C. 

nx-\-p         m 

3x-  13 
=    "^"4' 
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By  (5)  each  of  these  fractions  = 
difference  of  numerators  20         3#+7 


difference  of  denominators'      "   ~&  ~x+%         ~  x+l' 

1  5 

°r 


mx-\-  a  -f-  b         mx  -\-a-\-e 
nx-c  —  d   "   nx—b—dJ 

m,x-\-a-\-b         nx  —  c  —  d 


nx-b     d  '  or  By  4-  Pftge  122' 
w^—  c  —  d 


6—  c  o-c 

a-f-6+c-M,  .*.  x  =  &c. 


.  or  /w  _  w  w 


Here  by  (6),  page  122,  we  have 

r 
ZT/  (a  —  x) 

her,  and  squaring, 


r   =   -     -T  ;  or,  cancelling  the  2  in  left  hand  mem- 
ZT/  (a  —  x)         a  —  i 


6 

"     a+b 


_ 
b 

squaring  and  again  applying  (6), 
2a;  <i 


" 


150  SIMPLE    EQUATIONS. 

Exercise  lii. 


•»      1+x          1  .  x -{-a  ax-^b          m 

1—x   ~      a  '  x  —  a  ~     ''  ax-b          ~n' 
n      a+x  a&4-3$  a,  b 


a-x  '    a  —  x     ~    b  —  x 

a  +  b     x+m         a-^-b  _    a~\-b  a  —  b 


a  —  x         a~b     x  —in         a  —  b     1  +  <'X          1  —  ex 


3. 


,     a-\*bx          c-t-t/ie.   a+bx          c  +  dx  .   a  —  x 
a-\>b  c-{-d  '     a—b  c  —  d   '   6  —  a; 

6     2a?2 


ax+b-c         (b-c) 
ax^b+c    "    (b  +  c) 


7.  lf  ii-      =        shew 


V(x+y}-V(x-y)          y  x-y 


57a;-43          39a?-7  .    28a;4-5|  36a;-7 


180a;+23 
-0      ^.^v^  — 73          21x+7-3  t  mx—a  -  b         mx  —  a  —  c 

&)r_l_    /(4v  —  r2}  .//12:r4-l}4-  ,/?12^ 

=    18. 


-.0  x2-}-ax—b 


13 

14 
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1 


28-fV-B 

*    28  -* 


' 


-acx  +  d  a*xy  +abx—c 

~         ~~~  a*x2  -abx+c 

) 

8a;-3  = 


0?  +8) 


• 


' 

22 
23. 


25'    ^-4   =   £*-+ V 


26. 
27. 
28. 
29. 
30. 
81. 


~ 


5)}. 


"          Vx  - 


_ 
' 


a+x 


62  l^fa; 

63  X    l-x 


Art.  XLIII.     Various   other  artifices  may  be  employed  to 
simplify  the  solution  of  equations. 
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EXAMPLES. 

1.  Solve  2  +  y(4*2-  9x^-8)  -2a;=0:   here  there   is   but   one 
surd,  and  it  is  convenient  to  make  that  surd  one  side  of  the  equa- 
tion and  transpose  all  the  rational  terms  to  the  other  ;  this  gives 
v/(4a2  -  9a-f8)  =  2aj—  2  ;  squaring  both  'sides, 

4x*  —  9a-f-8  =  4z3-  8z+4,    ;.    x  =  4. 

2.  V(a  +  x)  +  V(a  -x)  =  2  vAe.      We   might   square   this   as    it 
stands,  but  the  work  will  be  simplified  if  we  first  transpose,  thus 

V(a-x)\    tow  squaring, 
x  —  k\/(ax—x2),  or 
x  =  2  \/  (aaj  —  #2  )  .     Again  squaring, 

#2  =  4rt#  —  4o;2,  whence  a;  =0,  or  ~. 

5 

3.  Clear  of  radicals 

»  0.     Transposing, 
—  ^z\  cube  by  formula  [0], 
y^x-ir^y)^  -z;  and  substitirting  /or 
'.'.s  val      —  -^z,  tMs  becomes 

=  —  2,  ^r 
-h  2/  +2  =  Sj^xyz  ;    .".  caLlng  again, 


> 
a+x 

Dividing  and  transposing,  we  iiav« 


=  (b—  1}B  ;  agaia  by 
division  in  left-hand  member, 

"2  -r+l  =  (ft-l)    -     —  -=  A/{l-(6-l)e},or 

|2    r  v  ;  /24-a:  l          v  '    * 


or 
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5.  Solve  v/(4a:2-fl9)-fA/(4«3  -19)=  A/47+3. 
We  have  the  identity 


Now  dividing  the  members  of  this  identity  by  those  of  the  given 
equation,  we  have 

V(±x2  +  19)  -  V(±x*  -  19)  =  v/47  -  3.   Adding  this  to  the  given 
equation,  then 

2A/(4a;3  +  19)  =  2i/47,    .-.    4s2+19  =  47,  and  x=  +  v/7. 

6.  ^(25+aj)  +  f(26-a;)  =  2. 

Cubing  by  formula  [6]  ,  (See  Ex.  3),  we  have 

-a;8).8,  or 

-*3}=  -848; 
.-.     «8  -  525+458  =  968,  and  x  =  ±  22^2. 

Exercise  •  lift. 


2. 
8. 


7. 

a  r07o:-26)=   A 

0.  v'z- 

10. 
11. 
12. 
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13.   ^(1  -a)+f  (1  +3;)  =  - 


14. 
15. 
16. 
17. 

1 Q          /  /  f  // 

19.  Clear  of  radicals 

r  r" 

na~< 


20.    Solve  x+V(a*+x*)= 
21  .  Clear  of  radicals 


Solve  the  following  equations  : 
22. 


23. 

24. 
25. 


27.  \/(2a24-5)-}- \/(2a2  -5)i 

28.  -v/(3a;2  +  10)-f  \/(3x2-10)=  \/17+ \/8. 

29.  \/(3ic24-9)  —  i/(3a;2  —  9)=  \/34  +  4. 

30.  -v/(3a  —  36-f-a:2)  -I-  \/(2a— 26+«2)=  v^«+  Va? 

81.  v/(4«2-362-2a;2)  +  v/(£ 

82.  Clear  of  radicals,  ^(2a)  -  ^/(%)  -  f(ty. 

34.  y(a;2  +  2aaj)  +  i/(^2— 2aa;)  = 


86. 
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Art.  XLIV.     Sometimes  a  factor  can  be  discovered,  and  the 
principle  of  Art.  XL.  applied. 

EXAMPLES. 

a*  -ab)x-a*b. 


x-a 
Factoring  we  have 


x  —  a 
or  xz-  ax  -f  a2  =  (x-a)  (x  -b)  ; 

.*.    (a+b  —  a)x  =  ab  —  a2,  and  x  =  a  -  —. 

b 


Babe          bx 

'  "  »    :  '  » 


Transpose   —  and  factor,  then 


a 


*,  +  _f*_l       ,  /a,  +      i  - 

a+b  c 


x-\-a  x  —  b  x — c  f>4-e 

*>.  , re-, ; 


6)(c  — a)     (a  —  b}(b—  c)     (6  — c)(c  — a)     (a— b){b  —  ^)(c —a) 
Add  term  by  term  the  identity  (Th.  in.,  page  54). 
x— a  x—b  x—c 

/«          L\  /  *  "      /L  \  /  ^          ~  \  ~"       * 
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4. 

The  left  hand  member  vanishes  for  #  =  0,  and  .*.  by  symmetry 
for  a  =  0  and  6  =  0;  .*.  it  is  of  the  form  mabx  in  which  m  is 
numerical. 

Put  x  =  a  =  6,  and  m  is  found  to  be  6, 
.'.    the  equation  reduces  to 

Qabx  =  abc,    .'.  and  x  =   c. 
x-a 


(™_M       ~~   />._ 2A-4-a'    ^   x  ~  b  =  m,  *  —  a  =  w,    and    .'. 
w  —  n  =  a  —  6,  then  we  have 
ms          n  —  (m  —  n)         %n  —yn 
w3          w-f-(77i — n)    "    2m  —  n 
2m4 — nwi3  =  2w4  —  wsw,  and 

2(m4  —  n£)  —  mn(m2  —  n1)  =  0,  which  is  divisible  by  m9  —  n9, 
:.     m2  —  n2  =0,  or  wi-J-w  =  0; 


.2  _ 


5 


Let  y  =  x2—  ^x,  then  this  equation  becomes 

2      v+3      5 


-L         —        JL  1  ^ 

3      "  y-1  "      6      "   y-8   "     T 


S:    18>°r 


—  +       X 


y-3         y-Q 
\  1  1 


=  0  ;  this  may  be  written 


=  0,  or 


-1          y-Q         y-S          y-Q 
5  _3 


y-l 

2/  =  2^  .-.  «2-4a;  =  2i,  or  «2 - 
and  x  -  2  =  ±  f .     We  might  assume  (x  —  2) 2  =  y,  when  the  ffiv< 
equation  would  take  the  form 
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_ 

" 


y-5  y-7  9      y10          18 

And  reducing  as  before,  we  should  find 

y  =  6£  =  (a;-2)s,  .-.  .e-2=  ±f,  as  before. 

Exercise    liv. 

x*4-a2x2        4 
b 

2.      4 


Q  "•  "       -^  >  _ 

*    a>  +  a6+6»    "  as-63      =    ^-b 

4.       _J_    _  1-  ^   -L   _   I.   =   2ab(x+b)x*. 
a  6  a; 


*      /-.        i\/~         «.\        I 


bx          3a6  a2^2  b*x      2a-b 

—     -   ^l   ~   (a -6)3    =  T  '  (a -*) 


x  —  a 


8. 

2 


I/a  6  C\ 

-  _    —  _j  --  • 
2  \bcx     acx~  abxl 


1  1  1  l 

10.    _   +  _   4-   —  =  i 
ax         bx         ex 

I  -ax         l-bx         i-^*  /2  2  2 

-fcT"       ^^T"        ^  T       T  +  ~7 


13. 
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/   14.  x—a-3f(abx)=b. 
15.  Ilz4  +  10z3_  403=176. 


16          x        +       ac 

'    (a-b)*' 


17.    a;3    ..    — -     T*    _       2^2 

a+b  '  x  l+cx        X 


2x  +  a 
7 


£MJ~\-U, 

n  n 

19.   - 


20. 


a2  -14*4-45         a;2- 

21  x~*~a  x^b  i 

"  "" 


(a-b)(b-c)(c-a} 
22.     a;- 


24. 
25. 


26 

-6)3  =  (a3-fc»)c. 

a;+a  a;  —  «  a4 

27>    x2  +  ^+a?   "   «2 

28. 
29- 


c         62-ca         c2  ab+bc+ca 

80.    aj3i 
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fl.m-4-  1 
81. 


32.    J|±Z?      _    ,"-".    --  1. 

33. 

34 


- 

35.  {(    -af-,    (^2+2«^  +  6-2)}3  +  {a;+a 

=  14(   -Ha)3.     (See  page  17,  Ex.  1). 

36.  {x+a+  v/(^3  -2/ea? 


37.  ±JJ!|   = 

-6/         x-a-W) 

38.  (5a;-7)J  — (2^  —  4)3  =  27(#3  —  l). 

QQ      1      .'  2  -  6.c  —  1  1      x2  -  6#  -  4  2       a;2  —  6ar  —  7 

39.  —  . _j_  . _   .  _. 

14  4 

40     J_    ^IT^Z3         J_     a2 -2a; -15         _2^    a;2 -2^- 85 

2 

585^' 
41.    {.r-f  a-6          (   2      «3-62)  ,3  - 

—  6—  \/(u;2       «2   „  £2)    3  - 

1 


42.     

1 
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44.    51    l&Lti6      .   «*.±«)+8a8. 

,     x—l  x  —  4    / 


45. 


46.   __  __. 

x-'da         x+2a   "   x+a 

Exercise  Iv. 


2.  (a 

3.  (a-6)(* 

4.  (a~^)(« 

5.  (a-6)(a 

6  (,-6)(a 

(solve  in  {a;—  c}). 

7  (m+a  (a+b-x)  +  (a-m](b  -x)  =  a 

8.  »»(a  +  t---*)  =  n(a!-a-6). 

9.  (m+n)(m  —  n—  x)  +  m(x—  n}—  n(x  —  m)  =  mi  -n*. 


11.        -     -f-     --  7  -      -»-      ----    •-   =  0. 

a  b  c 

a  —  x        b  —  x        c—x 

-,  --  h       -  +  —r=°- 

be  ca  ab 

1  —  ax*       l  —  bx         1  —  ex 

18.   --r  --  K  -       -  +   -        -  =  0. 
be  ca  ad- 

(Deduce  the  solution  from  that  of  No.  12). 

a—bx         b  —  ex         c—  ax 

14.    —  v  —  +  -  H  ---  :—  =  0. 

be  ca  ab 


»*+** 
15.    (a+n.^-—-^    =         -& 


SIMPLE   EQUATIONS.  lt>l 

(b+3ac)x 


1G'    a+b   + 

10          4  9  2       /  I* 

17.    -    .  +   —  = 1-  — .      Solve  in  —   • 

X  X  O          \  X  I 

1  I          23-a;          7  1 

18  -  T  +  T  =  -ET  +  IS  -  4*7 

^7_         13         2(5a;~12)         17         10 
19>    T  +   5a?  3a;  20   "  '    u; ' 

W-x  13-f»        7a;+266         4^+17 
20<        8  7  *-i-21  21 


21-    £+3   +   2(a:  (-  3)    ~     2      "    2(»+8)' 


22. 


*••  +  JL 

+3   ""   2(a:  (- 

6a;-f5          !  +  &?         1-x         »_— ! 
8aT^T5   "     "16~         ~8~         ~5~ 

1  1 

a-   T      l_g-  T      1 

'    a+  -  x+  - 


24. 


ca 
6-    


25.    x-l*-2)->(aj- 


26. 
27. 
28. 
29. 


30.    a-xb- 
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81.  (a-x)(b-x')-(c-x)(d-x)  =  (c+d)x-cd. 
32.  (x-a)(x-b)-(x-c)(x-d)  =  (d~a)(d-b). 
83.  {(as-62)a;-«&}{a-(a4-& 

{(a+&)3o;H-a&}  {b  -  (a-b)x}. 
84    (a;+l)(a;4.2)(a;+3)  =  (^-3)(a; 
35    (x+l)(x+2)(x+3)  =  (x-l)(x-2)(x-S)+3(x+l)(4x+l). 
36. 
87. 

38    (a?-l)(*- 
89.  (a+x)(b  +x)(c+x)  -  (a-  x)(b  -  x)(e  -  x)  =  2(a;S  +abc). 

4Q      (g-a)(g-6)(a;-C)-(d~g)(d-.fe)(d-c)      =    ,_  ^ 
x  —  d 

41    it' 

42.  (x-a 

43.  (a;-a- 

=  6c(<i  —  a). 

44.  (x-2a)(x~2b)(x-2c)-(x-a-b}(x-b-c)(x~c-a) 
-  (a+6+c)(a3  +  62  -f  c2)  -  9abc. 

45.  «3-a;- 


SB 

47.  (x+a 

48.  ( 
a(ax~c)(c  —  x). 

-3         3ic- 
" 
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51. 
52. 
53. 


3x-7 


7x-5         8x-7 
3*-2   "   3x-l   ""   ! 

2*4-7     3x-6     5(x-l)     3x-2     5x—  8     2x-f2 
8aP? + 2^5  +  9x^-25  =  2x-»  +  y.o  -25  +  3x^T 


4x2-3x      3x      4ft3  +  2x.  x  —  a^x-_b  _ 
5L    ~i4-x     ~l^x~  x2-I  '  x~/M~~x-n  ""    * 


55. 

66. 

57. 
58. 

59. 

60. 
61. 
62. 


1 

LLl 

T/Y 

3       1 
T~  a; 


x  1  .     a         ex         c         ax 

1  4'     c      ax  -b~  a      ex  —  o 

T-2x 


A  J_ 

T~"x" 

Q          *^« 


32 

Y~  3 


2(x— 1)        x-f8        3(5x4-16) 
~x^7~   +  x^4  =   ~5x-2B  ' 


02 


ex 


mx—p 


nx  —  q 


ax+b          cx+d 
nix  —p         nx  —  q 

b-x 
a+x 


a  c 

m  n 

a  c 

—  +  1- ' 


c  — x 

c*1"""  iC 


«4-6         6-f-c         ^  i 
x—a         x  —  b 
ax  +  b  bx 


ax  —  b  "   ax  +  b 
ax  —  b          cx  —  d 

i  ^ I 

mx—p         nx  —  q 


ax 
ax—b 


(mx—p}(nx  — 


m  n  p  m  n  v 

i i      _J_        =       i  .          i      _£___, 

X  —  a         x-^         x-c    "    x  —  c         x  —  a         x—b 
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On     ax—2a  ax  —  %b       a  x 

oo.    — -  • i 

ax—  26  "  ax-\-%a 


axz—bx-\-c  a  .    rt#3  —  bx2+ax  —  d  ax  —  b 


mx2—nx+p   ~     m      mxz—nx-+mx  —  q    "   mx—n 
—x          1x1 


66. 
67. 

rrr\ 

fr-l 

2           2          fa+J 

\l 

3    ~    8    +    «-f 
71               21               71 

z-98 
7 

#  —  94    ""   a;H-44         x  —  52 
391 

9 

*-ll    "   x-1     "   oj-121 
922 

5 

«-15   "   aj-81         aj+81 

481 
t     .....    ..  * 

1 

<r      Q            rr      7    +    rr      10' 

CC  —  v               *C  —   I               Ju  —  j.\J 

854 

m  —  n 

rt  —  b          m  —  n         a  —  b 

x  —  a 
a+b         < 

x  —m   '      x-b          x-n 
i  +  c                    b+d                                c-\-d 

x-(a+b+2c  +  d)   ""  x-( 

71.       a._ 


72. 
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bx  —  1  cx  —  1  3# 


b  +  c-a         c+a-b         a  +  b-c    "    a+b  +  c 


x+2ab  2af>-x 

r?Q       ! i       ,     = 

b  +  c  —  a         a  — b+c 


b  a—c         b+ c 

7Q  I         — . 

•    x+b-s         x+a-c  "   x+b   "  x+a 

m»(«-6)         n*(b-c)        p*(c-d) 

80.  — -   +   -          — -  -f-  -— ~  -h 

x  —  m  x  —  n  x-p 


—  n)b—  ma} 


X-q 
(ag-2)(s-5)(s-6)(s-.9)  +  (a+2)(q-4)(a-5)(a~  11) 


81'  a: 


Art  XLV.  Employing  the  language  of  algebra,  the  princi- 
ple illustrated  in  Art.  XL.  may  be  stated  as  follows  : 

DEFINITION.  —  Any  quantity  which  substituted  for  x  makes  the 
expression  f(x)  vanish,  is  said  to  be  a  root  of  the  equation  f(x)  =  Q. 
Thus,  if  a  is  a  root  of  the  equation  f(x)  =  0,  then  /(a)  =  0. 

By  Th.  L,  if  8—  a  is  a  factor  of  the  polynome  f(x)n,  then 
/(a)n  =  0,  and  a  must  be  a  root  of  the  equation  f(x)n  =  0  ;  hence  in 
solving  the  equation  we  are  merely  finding  a  value,  or  values,  of 
x  which  will  make  the  corresponding  polynome  vanish.  Sup- 
pose /(»)"  =  (x-  a)  <p  (x)n~l  =  0,  we  are  required  to  find  a  value,  or 
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values,  of  x  which  will  make  (x  —  a)(f>(x)n~'1  vanish.  The  poly- 
nome  will  certainly  vanish  if  one  of  its  factors  vanishes,  whether 
the  other  does  or  not,  and  will  not  vanish  unless  at  least  one  of 
its  factors  vanishes.  Hence  (x—  a)<p(aj)n~1  will  vanish  if  x  -  a  =  0, 
quite  irrespective  of  the  value  of  <p(x)n~l.  Also,  if  p  (x)n~l  =  0,  the 
polynome  will  vanish,  irrespective  of  the  value  of  x—a.  It  fol- 
lows, therefore,  that  if  f(x)n  can  be  resolved  into  two  or  more 
factors,  each  of  these  factors  equated  to  zero  will  give  one  or  more 
roots  of  the  equation  /(#)"  =  0. 

When  there  can  be  found  two  or  more  values  of  x  which  satisfy 
the  conditions  of  given  equations,  they  are  sometimes  distin- 
guished thus  :  xlt  x2,  ics,  &c.,  to  be  read  "  one  value  of  x,''  "  a 
second  value  of  #,"  "  a  third  value  of  JB,"  &c.  Thus,  if 

(x-a)(x-b)(x-c)  =  V, 
:.  xl  =«,  iC3=6,  #3=c. 

EXAMPLES. 

• 

1.  Solve  2a;3  -13s2  +27;e-18  =  0. 

Factoring, 

(a?-2)(»-8)(2a!-8)=Ot 
.-.  ajj  =  2,  x2  =  3,  XB  =  H. 

2.  x*-( 


3. 


.-.  (x-a)(x-b)(a-b)=0. 

If  a  —  6  =  0,  the  given  equation  holds  irrespective  of  the  values 
ofx  —  a  and  x—  b,  and  therefore  of  the  values  of  x ;  but  i.  a  —  b  is 
not  zero,  xl  ~a,  xs  =b. 
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:    (a2-62)z-(a2+/>2)' 


'    x-l         &2(a  +  l)        '       -l 

fti+1         _^  M 

•^-1"      b  ~~   a-b' 


»•-! 


a  a  —  b 

+  -r   =    0    .-.    x9    =    — TT- 


K  V"          •"/  I      V"  ""/ 

~^^y»  =  49' 


2(49)  -34 

= 


3(34)-2(49) 


((a-x)-(b-x) 


_ 


6     (x-a)(x-l>)         (x-b)(x-c) 
(c-a)(c-b)   "  (a—  6)(a-e)   " 

Subtract  term  by  term  from  the  identity  (See  page  53), 

(x-a)(x-b)         (x-b)(x-c)         (x-c)(x-a) 
(c-a)(c-b)   "      (a-b)(a-c)   "   (b-c)(b-a)    '' 


7.  Find  the  rational  roots  of  x*  -  12^3  -f  51a;s  -  90a;+56  =  0. 
Factoring  the  left-hand  member  by  the  method  of  Art.  xxviii., 


/.     x1  =2,  a;3=4,  or  a;3-6a;-}-7  =  0. 

Since  x2  —  6x+7  cannot  be  resolved  into  rational  factors  we 
know  that  it  will  not  give  rational  roots,  /.  x^  =  2,  xg  =  4  are  the 
only  values  that  meet  the  condition  of  the  problem. 
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Any  literal  equation  of  the  second,  third,  or  fourth  degree,  and 
many  equations  of  the  higher  degree  can  be  resolved  tnto  a  series 
of  disjunctive  equations.  A  full  analysis  for  the  first  four  degrees 
will  be  given  in  Part  II.,  meanwhile  the  following  special  forms 
of  the  Theorem  in  Art.  XLY.,  will  enable  the  student  to  solve 
nearly  all  the  equations  commonly  proposed. 

(A).  In  order  that  two  expressions  having  a  common  factor 
may  be  equal,  it  is  necessary  either  that  the  common  factor 
should  vanish,  or  else  that  the  product  of  the  remaining  factors  of 
one  of  the  expressions  should  be  equal  to  the  product  of  the 
remaining  factors  of  the  other  expression,  and  it  is  sufficient  if 
one  of  these  conditions  be  fulfilled.  In  symbols  this  is 

If  (x-a)f(x)  =  (x-a)$(x),    :.    x^=  a  orf(x)  =  q>  (x). 

(B).  If  an  equation  reduces  to  the  form  (mx+ri)2  =  c* 


-c  =  0  and  /.  x,  =  — , 
m 

\  i        f\       j  —c  —  n 

Or      IfHiB«-f-W)TC  =  U   ancl    •"•    #2    — * 

»i 

(C).  If  an  equation  reduces  to  the  form 

(r)ix+n\a         a*_ 

-qa-nb 


(D).  If  an  equation  appears  under  the  form 

(a-x)(x-b)  =  c,  (1) 


in  which  r2  =  (a  —  b)  2  -  4c. 

From  the  identity  (a  —  x)  +  (x  —  b)  =  a  —  b 

weget(a-x)*+2(a-x)(x-b)  +  (x-b)*  =  (a-b)*  (2) 

(2)  -4(1)          /.    (a-x)2-2(a-x)(x 

=  («-&)  3  —  4c  =  r2  say 


=  0,  and.-.  xl=$(a 
or      a-x)-(x<2-b)}-r  =  0,  and  .-.  x2  =  J(a+6- 
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11  11 

°-    x   -f-  —   =    a   4-  — •      .*.  x  —  a  =  —   —   — 
x  a  ax 

...  ?Zf   =   ?Tf .        Applying  (4), 
1  «a; 

.*.  a;  —  a  =  0,  or  ax  =  1, 
1 


2a?-8a+26-c 


"    a     3a  -f  6 


2(a?-a+6)          x-a+b 
*'      a?-3a  +  6 
.-.    (A)     Xl=a-b 


Page  122.     (5), 


(-2ic)         ma+nb      V*/ 

But  ((7)  can  be  applied  if  m  and  n   are  so  determined  that 
m(z+2)2-fw(33-2a;)  is  a  square. 

This  requires  that  4m(m-t-w)  =  (2w-n)2, 


/.    Bin  =  n. 

Assume  m  =  1,  then  w=8,  and  (1)  becomes,  on  substitution  and 
reduction, 

a 

r3,  say 


x,   = 


3r-l  ' 
a 


l  +  3r 


For  »'J+1  write  ocz 


xz(xz  —  2jc)          6 


-  2) 
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This  -equation  was  solved  in  Ex.  10,  hence  z  may  be  treated  as 
known. 

aj»  +  l  s8+2a?+l         2+2 

"   x~  x*  '''' 


=     —  *  a  formed  solved  in 


12.  (a-x}H-( 
In  the  identity 


w  =  a  —  ic,  v  =  x  —  b,  .•.  u-\-v  =  a-  b 
...  (a-6)4  =  c  +  4(«-5)2(a-a;)(a;-6)-2(a-^)2(a;-fe)2 

Write  z  for  (a  —a)  (a;  -  6) 

.-.    22-2(a-6)22j4-(a-6)4  =  i{cH-(a-fc)4}=i2,  say, 

.-.     {2-(a-6)2}2  =  j2 

.-.    by  (fi)         21  =  (rt—  b)2-t;  z2=(a—  6)2-f«,  .'.  «is  known; 

But  (a-x)(x-b)=-z 

.-.    by(D)         aj^ita  +  ft+rjiaj^^a+ft-r)  (1). 

in  which  r2  =  (a  —  6)  3  -  4z, 

_2_-2---2 
or     a_--  ---^ 


=  i{c  +  (a_fc)4}.  (3) 

Hence  a;  is  expressed  in  terms  of  a,  6,  and  r, 

r  is  expressed  in  terms  of  a,  b,  and  £, 

£  is  expressed  in  terms  of  a,  6,  and  c, 
and  the  expressions  for  r  and  £  are  cases  of  (B). 


13.  (a- 

Let  a—  ic  =  n—  z  and  b+x  =  n  +  z   :.   n  =  J  (a  +  ft)  (1). 

The  equation  reduces  to 
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2  may  now  be  found  by  (D),  and  from  the  result  z  may  be 
found  by  (B),  and  from  (1)  x  =  ±(a-b)+z; 


.-.  x  =  0,  or  a-b,  or  *(a- 


14 


Divide  the  terms  of  the  identity 


by  the  corresponding  terms  of  the  equation, 

4    la+x\ 


\  4. 


15.  ^(a-x 

Divide  the  terms  of  the  identity 

^(a_x)3_^(t)-x)3=a-b 
by  the  corresponding  terms  of  the  equation. 


Cube,  using  the  form  (u— v)3  =  us  —  v3  —  3uv(u  —  v). 

Sab(a-b) 
~  tf  + 
ab 


;.  f/{(a-x)(b-x)}  = 


...  (a-x)(b-x)  = 

(a 
a  form  solved  in  (D). 


!fi 

V(a—x)-  */(x-b) 

Assume  ]/(a  —  x)=z.  (x -- b) 
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The  proposed  equation  now  becomes 


(z2  +  !)(*-  1)2     '   a- 
17.    x-2x-5x-G)x- 


=   -?—•,   a  form  solved  in  Ex.  11. 


0,     .-.    a;3-lla;  =  0,     /.     x^  =0,  ic2  =  11. 

Exercise    Ivi. 

What  can  you  deduce  from  the  following  statements  ? 
1.  A'B  =  0.     2.  ^-J5-C=0.     3.  (a-b)x  =  0.     4. 
6.  What  is  the  difference  between  the  equation 


and  the  simultaneous  equations 

x  —  5y  =  0  and  x  —  4y+3  =  0. 

What  values  of  x  will  satisfy  the  following  equations  ? 
6.  x(x-a)  =  Q.     7.  ax(x+b)  =  0.     8.  (x-a)(bx-c)  =  0. 
9.  ax*  =  3ax.      10.  x*  =  (a+b)x.     11.  «(a;2-a2)  =  0. 
12.  a2»s  =  ^2a:.     13.  x*  +(a-x)2  =a*. 
14.  x2+«-ic2  =  «-2^2.     15.    a- 

16.  (a- 

17.  (a- 

18.  x*- 

19.  a;3- 


1 
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If  x  must  be  positive,  what  value  or  values  of  x  will  satisfy  the 
following  equations  ? 

20.  (aj-5)(a4-4)  =  0.     21.  x*  -f-  29;r  -  30  =  0. 

22.  a2-17z-84  =  0.     23.  3z2  +  10z+3  =  0. 

44.  z4-13x2-{-36  =  0.     25.  «3  -2a;2  -  5z+6  =  0. 
Solve  the  following  equations  : 

26.  (a-x)*+(x-b)*=(a-b)2. 

27.  (a-x)*-(a-x)(x-b)  +  (x-b)*=(a-b)* 

28.  «2(a-a;)2=&2(&-a02.     29.   a3(6~ic)2  =  b*(a-x)*. 

30.  (o;~.a)3+(a-6)3+(i-x)3=0.     31.   (a;-!)2  =a(x2  -  1). 


32     ^—  x         x~a         83     a+b-x         a  —  c+x 
x  —  b   "    c+x  a  —  c  —  x   "   a-\-c—x 

84.  (x—  a+b) 

85.  (a-a)2- 

86.  (a-|-6+c)a 

87     a+b—  x   __    a+6 
c  x 

38.  (a- 
89.  *(a 

40.  (n-p)x2+(p— 
41      a% 


-nx+p  m—n+p 
43. 
44. 
45. 
46. 
47. 
48. 


174  SIMPLE    EQUATIONS. 

49. 


=  0. 

1  1          a-4-b  ct  —  b 

52.    a?+   —  =  3£.                     53.    x  +  -  -   =    -  ^r  +    ' 

x  x          a—b  a+b 


54.    x-  —   =    -I-  -   — .  55.    7-^  +    -^  = 

x           b           a  b-\-x         a  +  x 

a-x        x—b         13  CT-a;         6+a         J^L  _^_ 

*    oT-^j     "   a— x  ~     ~Q'  b-\-x  ~~   a-x   ~      n       m 


as  m  „     i  -~  .  ^ 

58.    —  -f  —    =    — •  59.    -= —         — ^»    =    c. 

x  c>  n  x*—ax-\-<i* 


60.    -~-     — -o   =c.  61.    f      '    N2   =c. 

a;^_«^+a2  («+^)"{ 

(a  — ^)24-(»— &)2      5  a  — «         x—b          m 

62.    —  / — : — ^~~, r\ —   ^  .^  •  uo.           ^   ~H               =:    — 

(a-rc)(a;  — 6)           2  x  —  b         a—x          n 


02+(*-&)2 
b4'    (*+< 

65. 


(a-x)(x-b)  '    (a*-b2) 

W         49 


'     a-x}*-a-x)x-'b  +  x-b*    ''    19 


67.    o  9  ,  —  -,  —  —  r^   =   --  =••    (Also  for  c  =  5). 

2a2+a(a+ic)-f  (a—  a)2          c  —  1     ^ 

08.     5- 


69.  a4+(a-z)4  =  c;  «4  +  (ic-4)4  =  82. 

70.  (a-x)*  +  (x-b)*  =  (a-b)*.     71.   (a-x 

72.  »5+(a—  »)6=a6;  ^^(e-a;)5  =  1056. 

73.  a-x3x-b*+(a-x2x-b3 
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74.    a- 


41 

20 


™.    {*_*)'+£-')'    =     ijf 


77' 


(«  — se)4  +  (a;  _  /,)4  rt4  4.  fc4 

78'    l^~x\* 4- (uT^6P    =    os-*a< 


(b-x}*       '.51          63 

a-aj  T  +   V 


#—  6  a 

"" 


83. 


• 


85. 


-xY  +  (x-b 


(a_x)2^(x_^y2  - 

(a~x)*-(x-b)*  ^  (a-b)o 

(a-x)-(x-b)       "'   (a-x)(x-b) 


88. 
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89        ip"rx       —  ^_        90  — 

2z(z2-fl)   ='    b  (x-l)2(x2 -x+l)    ''       b 

91        (x-l)2x  a_         gg        (a;3+a;+l)8  _#_ 


93.     ^  T^,     =   A.        94. 
o 


(a;-!)4  &  (aj-fl)2         (x-1)3  6 

y7 , __  t/o      .  ^ i_     «..        ^,t 

(a;3-!)2  b  (x2-!)2          6 

a  te+lVa;5-^!}          « 


-1)          6  (a;-l)(a:5  +  l)  b 

101.    V^T^"    =  Ji.  102. 

103.  2(a-aO*-9(a-a>Wa 


104.  4(a-a;)4-17(a— ; 

Find  the  rational  roots  in  the  following  equations  : 

105.  z4-12a;3-f49*2-- 783+40  =  0.          [Let  3  =  ** -6»]. 

106.  a4-' 

107.  z4- 

108.  32a;4 

109.  a;3-' 

no.  |  _  JL  _  JL_  ^  _i_ 
111     u         A.        4          u 

»+20     r  a;+5         o;-4         a?-5 


-10     «M/-rvi«         a;-f-8a  x 

J.LA. — -4-    p— 

x  x—a      '    x  —  2a 


+        r-jr 


—  3a         a;-4a          ^-C 


SIMPLE    EQUATIONS.  177 

113     g+4         x+z         X+^         a  +  3         g-1         a;-3 
'    ^2  "     ~    +  x^l    :=   ^T2   "  a^3   "   ^5' 

7  31  20  8  20  31 

114.  —   —    -    _i_   -     4.    -    4.    --     _    -    4- 

x          x-l     r  x-2         ic-3         a;  -4         a;-5 

7 
a^6    - 

115.  /aj2_a2 


117.   -/(a;3  - 
118. 

' 


a- 
120.  V(a+«)  +  V(a-») 

fl-'-ft)'}' 


[Write  u  for  ^(a-a;),  and  v  for  ^7(a:  —  6)]. 
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CHAPTEK  VI. 


SIMULTANEOUS  EQUATIONS. 


Art.  XL VI.  There  are  three  general  methods  of  resolving 
simultaneous  linear  equations,  1°  by  substitution,  2°  by  compar- 
ison, 3°  by  elimination.  The  last  is  often  subdivided  into  the 
method  by  cross-multipliers,  and  the  method  by  arbitrary  multi- 
pliers. 

In  applying  the  elimination-method  the  work  should  be  done 
with  detached  coefficients,  each  equation  should  be  numbered, 
and  a  register  of  the  operations  performed  should  be  kept. 

Ex.  Resolve         u  +  v-+-x  +   -}- z=  15. 


Register                                   u     v      x  y  z 

111  1  1=    15     (1) 

124  8  16  57     (2) 

139  27  81  179     (3) 

i     4    16  64  256  453     (4) 

1     5    25  125  625  975      (5) 

(2)-(l).                                                 13  7  15  42     (6) 

(3) -(2).                                                 1      5  19  65  122     (7) 

(4) -(3).                                                 1      7  37  175  274     (8) 

(5) -(4).                                                  1       9  61  369  522      (9) 

(7) -(6).                                                        2  12  50  80    (10) 

(8) -(7).                                                        2  18  110  152   (11) 

(9) -(8).                                                        2  24  194  248   (12) 

(11) -(10).  6  60  72   (13) 

(12) -(11).  6  84  96   (14) 

(14)- (13).  24  24    (15) 

(15)^24.  1  1    (16) 

i{(13)-60(16)|.  1  2   (17) 

.[(10)-{12(17)  +  50(16)}].                        1  8    (18) 

1  4    (19) 

J  5   (20) 
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An  examination  of  the  Register  will  show  how  easy  it  would 
have  been  to  shorten  the  process,  thus  (10)  is  (7)  —  (6)  which  is 
(8)  +  (l)-2(2);  similarly  (11)  is  (4)  +  (2)  -2(3);  .-.  (13)  is  (4)  + 
3(2)  -  3(3)  -(1),  &c. 

A  general  systematic  arrangement  of  the  elimination-method 
will  be  given  in  Part  II.  For  two  or  three  simultaneous  equa- 
tions it  may  be  stated  as  follows. 

=° 


Arrange  the  coefficients  thus  — 
«!     bl     cl     al 
a2     b2     c2     a2. 

Form  their  products  diagonally  from  left  to  right  downwards, 
thus  —  a\b2  ijCg  cla2. 

Form  their  products  diagonally  from  right  to  left  downwards, 
thus  —  &1a3  c1b2  tf^a- 

Subtract  the  latter  products  in  order  from  the  former,  thus  — 


Divide  the  2°  and  3°  remainders  by  the  1°  remainder,  the  first 
quotient  will  be  the  value  of  x,  the  second  quotient  will  be  the 
value  of  y. 

[Writing  Rl,  R2,  R9  for  the  three  '  remainders  '  respectively, 
the  general  result  is  (mx+ny)Rl  =  mR2  +  nR^]  . 

Ex.1.  Solve  113+5^-68  =  0 


11 

6 

5 

—  7 

-68 
31 

11 
6 

-77 
30 

155 
476 

-408 
341 

-107) 

-321 
3 

-749 

7 
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Ex.2.  !?  .;H>  i 

x     y 

22    30 

—  4-  -  -  =  17. 
x     y 

12   -25    -  1    12 
22    30    -17    22 

360    425   -  22 
—  550   -30   -204 


910)       455  182 


.*.  a;  =  2  and  ?/  =  5. 
2°  Let  the  equations  be 


Arrange  the  coefficients  thus 


l  =0 


C  - 


—ba. 

Selecting  the  first  three  columns  form  the  diagonal  product* 
from  left  to  right  downwards,  thus  : 
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giving   a,62c3 


\ 
\ 
,     ba     c. 


\ 


Form  the  diagonal  products  from  right  to  left  downwards,  thus: 
«i     bl     cl  giving  cx/v'  3 


From  the  sum  of  the  former  products  take  the  sum  of  the  latter 

products  obtaining  a  remainder,  which  call  R1. 

Similarly  form  a  2°  remainder,  E2  from  the  2°,  3°  and  4°  columns 
a  3°  7?3         '<        3°,  4°  and  5° 

a  4°          "         7?4         "        4°,  5°  and  6°        " 

Then  a?=fla  •?•#!,  y  =  R3+Rl,  z=R4t+Pl, 
and  generally 

(mx  4-  ny  +pz)R  l  =  m 

Ex.  3.     8z+2?/-4;s+20  =  0 
6x-7y-fa-    1=0 


182 
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3 

2 

-4 

-20 

-3 

-2 

5 

-7 

-6 

1 

-5 

7 

7 

5 

5 

24 

-7 

-5 

3 

2 

-4 

-20 

-3 

_2 

5 

-7 

-6 

1 

-5 

7 

105   -288       28    -500       (3  x  -7x5= 

100       700     432         14        5x5x-4= 

84    -    20     500-504        7x2x-6  = 


-289       392     960  -990 

196       600-15  240 

-90         10       480  980 

50       672   -840  15 

156     1282   -375  1235 

-445)  -890     1335-2225 

2        "33  5 


105 
100 
84,  &c) 


-6x5x3  =  -90 
5  x  2  x  5  =  50,  &c.) 


x  y  z 

Exercise  Ivii. 

Solve  the  following  systems  of  equations  : 
41  2. 


3. 


5.     3x+7y  =  7 

=  -36. 


7. 


9. 


4. 

6. 

8. 
10. 
12. 


7x-5y=    9. 


15x+28y-  275  =  0. 


lx-%y  4-5  =  0. 
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15.     l-5a:-2v=l.  16. 


17.     6#-4y-i-l  =  0.  18.      -16a;--04y  =  l. 

l-7a?-2-2y+7-9  =  0.  •19x--lly  =  l. 

19. 


20. 

1 

1           5 

21.    —  +  —   =   3. 

X 

11           6 

x          y 

1 

i      i 

15          4 

—  _  —   —   4 

X 

y        6     . 

x          y 

22. 

—  = 

^-!- 

*3 

23.     17*    -    —   =   3. 

X 

y 

•8 
h 

516  =  5. 

IQx    -        -   =   2. 

24. 

^_ 

5 

25.    !?  +  ^.  =   6. 

3 

y 

•7        y 

X 

T  + 

^2  -  v 

y 

T  +  7  =  M- 

5                 7 

26. 

1//»._L.1 

z/4-l)  =  1. 
\_i_3  (11     "H     Q 

27                                      * 
7                 5 

tV»T-* 

/Tf\y      *y      "• 

8z-2   "      6-y 

2ft 

1 

2 

29     ^^^y 

1 

2 

7a?-13 

43-3 

"   7y-6" 

3y-5 

80. 

16aj+l 

8~ 

o-i      3a;+l           4 

45-y 

. 

4-2y    '      3 

25. 
«— 10 
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32.    7  .1^  .      8  33     a;+^  +  1         o 

'     ""  '  '' 


7  -  2y          2  3#  -  y  +  1 

5  -3s   =     ¥'  x-y  +  9  5' 


34  o. 

•5   =  34 

1  ic-3         y  —  3 

:     T*  "T"          ~3~   * 

36     ^-^+8        <e-2y+3 
3  4 

4a;-2y-9 


87.  20 

38.  (a?-2)  :  (y+1)  :  («+?/-  3)  ::  3  :  4  :  5. 

39.  (*-5)  :  (y+9)  :  (*+y  +  4)  ::  1  :  2  :  8. 

40.  ?±      =     ±.  41. 


42.    (aj-l6-8  =  88aj+l.     43. 
(* 

44.  (8 
(8 

45.  «  +    =  37.  46. 


22.  y+8z=17. 

47.     l-8a5-l%=l.  48. 


l-7y-l-l«  =  2.  6x-Sy        =   39. 

2-9z-2-la?  =  8.  3y-2z=   20. 

49.       aj-      =  0.  50. 


51. 
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62. 
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z+x-y=   7. 

53.     x+y+z=   3. 

2;c+4y+  82  =  13. 
3x+  9^+272  =  34. 

55.     8aH-2y  +  3s=110. 
6aj-f-  y-4«  =  0. 
2z-3i/+  2-0. 

57. 


59. 


61. 


63. 


65. 


«=17. 


•9»+7y-  2^  =  27. 


y  +  1 


67. 


2+1 
2+8 

x+y 

y-z 
x-\-_z 
x-y 


2. 

4. 

10. 
9. 


«+  8^+62  =  20. 


«+  3^+92  =  23. 
54.     7x+6y+72=100. 


66. 


68. 


60.  a?+2y-«=  4-6. 
2/  +  22-ar=10'l. 
2+2x-y=  5-7. 

62. 


64. 


.    -~  -r-r 
2  +  1 


=  3%x—  32. 

iy  +  4J«  =  140. 
+  5^2=175. 


3z  +  x 

7+r 


=   2. 


2. 


2. 


a-+5 
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69.     -   -   1   =  l.                  70.   1  +  1  +  £  =  4. 

^            y  x           y            z 

23  385 

-   -f   -  -    =  4.                             _   +    _   +  __   =    4< 

#           2  x           y           z 

31  9          12         10 

—   -          =   0.  —   -I-   — =   4. 

y           z  x           y           z 

71.      5-    =    -•  72.     J*LL   =   20. 

x-}-y          5  &y  —  3x 

_yg        _!,  ^       .  15 

?/-|-2   "6  2x  —  3z~ 

zx            1  yz 

z+x          1  ty  —  5z   ~ 
73. 


74. 
75. 

76. 

77. 
78. 


1  +  1  +  1   =   9. 

x          y  z 


79.     3a;  -(-?/+  2  =  20.  80.     ^4-2  f  8?/  =  33. 

40.  4?v4-£c4-2  =  ll. 
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81.     u+x+  /-f-«  =  144.  82. 


3u-x- 


88.     u+x+y  +z  =  60.  84.     u 

00. 
150. 


,=  35. 
85.       «+--=l.  86.       u 


Art.  XL,  VI  I.  The  principle  of  symmetry  is  often  of  use  in 
the  solution  of  symmetrical  equations.  For  from  one  relation 
which  may  be  found  to  exist  between  two  or  more  of  the  letters 
involved,  other  relations  may  be  derived  by  symmetry  ;  also, 
when  the  value  of  one  of  the  unknown  quantities  has  been  deter- 
mined, the  values  of  the  others  can  be  at  once  written  down,  &c. 

1.  (x+y)(x+z)  =  a. 


(x+z)(y+z)=c. 
Multiply  the  equations  together  and  extract  the  square  root. 


Divide  this  equation  by  the  third. 

/.   x4-y  =  V^a  c',  and  therefore,  by  symmetry, 


...  ,+,  =  £&L. 

Hence  we  get 

ab  —  bc+ca 


whence  y  and  z  may  be  derived  by  symmetry. 
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2.         x+y 4-^  =  0 (I). 

ax+by+cz  =  0    (2), 

bcx-\-cay-}-abz-{-(a  —b)(b  —  c)(c  —  a)  =  0 (3), 

cx(l)  —  (2)  gives  (c  —  a)x-{-(c  —  b)y  =  Q. 

—*^,  and  similarly, 


b-c 
z  =  (a-b)x 

b  —  c 

Substitute  in  (3)  these  values  of  y  and  z,  and  reduce, 
...  x(a_b)(c-a)  =  (a-b)(b-c)(c-a), 

3.  a(yz—zx—  xy)  =  b(zx—xy  — yz)  =  c(xy—yz  —  zx)  =  xyz. 
Divide  the  first  and  the  last  equations  by  axyz  ; 

.  •.  _L   =   _   —  _  — ,  and  hence,  by  symmetry, 

a  x  y  z 

—         —         —         — , 

b  y    '        z  x' 

L     —     —     JL 

c  z          x          y 

11  2 

.•. L  =    -   — ,  and  by  symmetry, 

be  x 

II  _2_ 

c  a  y' 


4. 
ex 

i:  V 

a 

a^x+bZy+cZz 

(l)-(2)    gives 
(V\-(R\ 

!> 

z 

•  (1). 

=  1 

...(2). 

...(3). 

a(c  —  a)x- 
a2(c  —  a}z 

-b(c—f>}v  —  c  —  1  . 

..(4). 

u\*s            jy 

...(5). 

or  a(a  —  b)(a  —  c)x  =  (c-  1)(6—  1) 


__ 

a(a  —  b)(a—c)  ' 
whence  y  and  z  may  be  derived  by  symmetry. 
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5.  Eliminate  x,  y,  z,  u  (which  are  supposed  all  different)  from 
the  following  equations  : 


y  =  cz  -\-du-\-  ax. 
t  =  du+ax+by. 
u  =  ax+by+cz. 
Subtracting  the  second  equation  from  the  first, 

.-.  x-y  =  by—ax,  or 
(1  +  a)x  =  (1  +b)y  =  (by  symmetry)  (1  +  c)z  =  (1  +d)u. 

These  relations  may  be  also  obtained  by  adding  ax  to  both 
members  of  the  first  equation,  by,  to  both  members  of  the  second 
equation,  &c. 

Now  divide  the  first  equation  by  these  equals. 
1  b  c  d 


And  since 


fc  1 

l+a 


1+6  " 

=    1  - 


1  =      a  -     .       b.  -     .        c 
1+a   "   i   •  ^   '  '   i   •  ~ 


l+c      '   i  +  d 

— ,  we  have 
-{-a 

d 


Exercise  Iviii. 

1.  Given  ax  +  by  =  c  and  that  x  =•  r,   _  r   /» 

derive  the  value  of  y 

a(d>n—  en) 

and  that  x  =  -V -j— ' 

oc  — aa 

derive  the  value  oi  y. 


2.  Given  bx  =  ay 

dx  -\-md-  cy+nc 

3.  Given  ax  +  b+cz~  d. 


and  that  x  — 

a(d-b)(d-c] 

d(a-b)(a—c) 


,  write  dowc 


the  values  of  y  and  z. 
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4.  There  is  a  set  of  equations  in  x,  y,  z,  u,  and  w,  with  corres- 
ponding coefficients  (a  to  #,  &c.),  a,  b,  c,  d,  and  e ;  one  of  the 
equations  is 

x— by  -f  cz-f du+ew,  write  down  the  other?. 
Solve  the  following  equations  : 

m          n  '  n          p  'in          p 

6.    x-{-ay-}-hz  =  m,  y-\-az±bx  =  n,  z  +  ax-\-by=p. 

8.  Eliminate  x,  y,  z,  (supposed  to  be  all  different)  from  the 
following  equations : 


9.    Eliminate  x,  y,  z,  from 
x 


10.  Having  given 

* 


y  =  cz i+du -\-ew-\-  ax , 
z  =  du  +  ew-\-ax + by. 
u  =  ew 
w  = 
a  b  c 


Shew  that   x  . 


Art.  XLVIII.     Eesolution  of  Particular  Systems  of  Linear 
Equations. 

Ex.  1.                              x+y+z  =  a  (1) 

y+z+u  =  b  (2) 

z+u  +  x  =  c  (3) 

d  (4) 


3(1)  S(x+y+e)  =  Sa  (6') 
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The  values  of  x,  y  and  z  may  now  be  written  down  by  sym- 
metry. 

The  following  is  a  variation  of  the  above  method,  applicable  to 
a  much  more  general  system. 

Assume  the  auxiliary  equation 

\      / 

.-.  (1)  becomes  s— u  =  a,  (6) 

(2)  "  8-x  =  bt  (7) 

(3)  B-y  =  c,  (8) 

(4)  s-z  =  d,  (9) 
(5)  +  (6)  +  (7)  +  (8)  +  (9) 


s  is  now  a  known  quantity,  and  may  be  treated  as  such, 
in  (6)  giving  u  =  .<?  —  # 

"  (7)     "  x  =  s-b 

"   (8)     "  y  =  s~c 

"  (9)     "  z  =  s-d. 

Ex.  2.  yz  =  a(y+z),  (1) 

(2) 
(8) 


(8)»ca!y,  1  4.  1    =    1. 

cc  y  c 

This  may  now  be  solved  like  Ex.  1,  using  the  reciprocals  of  a 
b,  c,  x,  y  and  z  instead  of  these  quantities  themselves. 

Ex.  3.  «!*+&,  (s+y+zHc,  (1) 

c2  (2) 

's  (3) 

c4  (4) 

Assume  the  auxiliary  equation 

u  +  x+y+z  =  s.  (5) 
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^1)  becomes  I1s—(bl—a1)u  =  c1 

b\  ci 


—  a 


Similarly  from  (2)  ,—    — s  —  x  =  r— 

02  —  a2  o2  —  a2 


"         " 


From  (10)  we  can  at  once  get  the  value  of  s,  which  may  there- 
fore be  treated  as  a  known  quantity. 

b-ls  —  cl 
in  (6)  giving  w  =  ^—  ~^- 

and  the  value  of  x,  y,  and  2  may  be  obtained  from   (7),  (8)  and 
(9),  or  they  may  be  written  down  by  symmetry. 

Ex.  4.  ax+b(y+z)  =  c  (1) 

ay+b(z  +  u)  =  d  (2) 

az+b(u+x)  =  e  (3) 

aU+b(x+y)  =/  (4) 

Assume  u+x  +  y  +  z  =  s  (5) 

(l)  +  (2)  +  (3)-f-(4)          (a+2b)s       =c  +  d+*+f,  (6) 

Hence  s  is  a  known  quantity  and  may  be  treated  as  such. 
From  (1)  and  (5)  bs—  b  u  -{-(a  —  b)x  =  c, 

:.     bu  —  (a~b)x  —  bs  —  c1  (7) 

Similarly  from  (2)  and  (5)    bx  -  (a  —  b)y  =  bs—d,  (8) 

"     (3)    "     "      by-(a-b)z=-.bs-e,  (9) 

"     (4)     "     "      lz-(a—b)u  =  bs-f,  .(10) 

6(7)  -f  (a-b)(Q)  b2u-(a-b}2y  =  abs-bi-(a-b)d,(U) 

b*y-(a  -b)*u  =  abs-  be,*  (a-b)f,  (12) 
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b}*(e-f)}   (13) 

The  values  of  x,  y,  and  z  may  now  be  written  down  by  sym- 
metry. 

Ex.  5.  as  +  a 


The  polynome  £3  +  xt*  +yt+z  vanishes  for  t  =  a.  t  =  b,  t  =  c  ; 
.-.  by  Th.  II.,  p.  46,  for  all  values  of  *, 


—  abc. 


.-.  Th.  III.,  p.  53,  x=  -(a 


2=  - 


a?+y+a+M=l, 


Ex.  6. 


Employing  the  method  of  arbitrary  multipliers, 


-f  n 


-f  n 


+md 
+  n 


To  determine  x  assume 


•*.  x  = 


(1) 

(2) 
(3) 
W 

(5) 


(6) 
(7) 
(8) 
(9) 


But  the  system  (6),  (7),  (8)  has  been  solved  in  Ex.  5,  from 
which  it  is  seen  that 


and 


1=  -(b+c  +  d),  m  =  br,  +  cd  +  db,  n=  -bed, 
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•.  using  these  values  in  (9) 
-bed 


x  = 


(a  —  b)(a—  c)(a-d) 
The  values  of  y,  z  and  u  may  now  be  written  down  by   sym- 
metry. 

y  * 


Ex.7. 


x 
m  —  a 

x 
n  —  a 

x 
p-a 


m—b 

y 

n—b 


Assume  1  — 


m  —  c 

z 

n—c 

y          __» 

p — b  p  —  c 

f  z 


t—a 


t-b 


(t-a)(t  —  b)(t-c) 


(1) 
(2) 
(») 
(4) 


But  in  virtue  of  equations  (1),  (2)  and  (3),  the  first  member  of 
(4}  vanishes  for  t  =  m,  t  =  n,  and  t=p,  and  .-.  t3  +  Bt 
vanishes  for  the  same  values  of  t,  and  .-.  Th.  II.  p.  46, 


.*.  (4)  becomes  1  — 


y 


t—a  t—b 

(t-m}(t~n)(t-p) 


z 
£— (T 


(t-a)(t-b)(t-c) 
To  obtain  the  value  of  x  multiply  both   sides  of  this  equation 


t-a-x- 


(t-m)(t-n)(t-p) 
(t-b)(t-c) 


t-b  t-c 

Now  t  may  have  any  value  in  this  equation  ;  let  t  =  a. 
(a-m)(a-n)(a-p) 

(a-b}(a-c) 

The  substitution  (xyz\abc)  will  give  the  values  of  y  and  z. 
x+a         y-\-b         z+c 

=5        ' =        ' 

P  Q  T 


Ex.  8. 


(1) 
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By  Art.  XXXVII.  , 

z+c  Ix  -\-iny  -\-nz-\-la  +mb-\-nc 
r  lp-\-mq-\-nr 


(2)  =  -  =   R,  say 


,*.  x=pR-a,  y  =  qR  —  b,  z  —  rR—c. 
Ex.9.  yz+zx+xy  =  (a+b+c)xyz  (1) 


yz+zx  =  zx+xy   _   xy+yz  ^ 

a  b  c 

W-xyn  -I   +  ~  +  ~   =   a+6  +  ,  (3) 


111111 

_  +  _  ,4  .  [.  __ 

^ y      _.      y 2       __       2_ X 


(*)*xy».  +  —         —    +    —          —  +  -  (4) 


a 


Page  122  and  (3)  A  +  A  +  A 


=   2  (6) 

(4)  and  (5)  ...    1  +  L  0   2a,    -   +   -   =   26, 

x        y  y         z 

-i  +  1  =   2o.  (6) 

(3)-(6)  -   =  a-6+c,  --   =a+b—c,  --  =    _a-fj+c. 


Ex.  10.  +  =   2  (1) 

a+A         a+o 

^  +  ^  =  2.  (2) 

a—  c         a-6 

(1)  .-.     ?±!  _   1   _   i 


q+c—  6- 
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Similarly  from  (2) 


g-b  +  c-y 


a  —  c  a  —  b 


(3)  and  (4)  ...     x-a-b+c  =   -+b(a-b+c-y) 

a-\-c 


But  unless  _-    -.   a  ~c,  this  cannot  be  the  case  except  for 
a  +  c        a  —  b 


in  which  case          x—  a  —  b-{-c  =  0  also, 

giving  x=a+b—  c  and  y  =  a  —  b+c.  (5) 

a  -f  b  a  —  c 


a— 

52_C2  =  0)  or 


(6) 


b  =  c,  or  b=—c. 

But  if  6=-f  c  or  —  c,  (1)  and  (2)  are  one  and  the  same  equation  ; 
hence  if  (1)  and  (2)  are  independent,  (6)  cannot  be  true,  thus 
leaving  only  the  alternative  (5). 

Ex.  11,  2ax=(b  +  c-a}(y+z),  (1) 

2by  =  (c+a-b)(z+x),  (2) 

(«  +  2/+z)'-'+z2+?y2+22  =  4(a2-f&2-tc2)    -(3) 

(1)  and  page  122  ( 

(2)  "         « 


,,(5)  and     "    ...*+Z±?   = 


a-\-b  +  c    "    b-\-c  —  ct    "    c-\-a-b    "   a  +  b  —  c' 


Eeduction 
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1  11 

Ex.  12.  ax   =ly  =  cz=   —  +  ~  +  —  C1) 

a  b  c  a+b  +  c 

•'•  '-"          "         •'     =a«« 


a  1/1       1       1  \       xy+yz+zx   ' 

from      +a"       :  :  ++      =   ~*" 


.'.    a*x2    -   a+b  +  c. 


S+6   ==  6 
then  xy* 


(2) 


Hence  the  value  of  r  is  known  and  from  (3) 
rx=m(b+c). 

Ex,  14.  .   y+z  =  2axyz  (1) 

e+x  =  2bxyz  (2) 

a;  -f  y  =  2ftn/z  (3) 


_ 
:  "2^~         ~2T  2c       =   a  +  6+c 


* 


c-a   "   c-|-a-6    "   a+b-c 

3   3  3  __  xyz  __ 
-  (b  +  c-a)(c  +  a-b)(a+b-c) 
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Hence  the  value  of  x2y2z2  is  known,  call  it  ~  and  substitute 
in  (4) 


r          b+c—  a 
:.  rx  =  b  +  c—a, 

in  which  r*  =  (b+c-a)(c+a-b)(a+b—c). 
Ex.15.  y*+z*-x(y  +  z)  =  a  (1) 

y(z+x)  =  b  (2) 

z(x+y}=8  (3) 

+z*-xy-yz-zx)  =  a  +  b  +  t    (4) 

(1)  may  be  written        x2  +y2+z2—  x(x-\-y+z)=a  (5) 

(2)  "  "  x*  +  y*+z*-y(x+y  +  z)  =  b  (6) 

(3)  "  "  x*+y*+z*-z(x+y+z)  =  o  (7) 

...  x+y+z  =    °^±  =    *Z£   =   £Zf 
y-a;         2-  x—  2 


«2  +2/ 


(a+6+c)a 
Write  r2  for  2(a*+b3+c3  -3abc). 

(9) 

Eeturning  to  (8) 


(9) 


(4)  2(a;8+y8+g8-^-yg-ac)=  (11) 
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=  *+!£+*  (12) 

a-}-b+c 


(5)  and  (10) 


rx 


a  +  b+c 

.:rx  =  (a+b+c)(x2+ 
(12)  = 


(5),  (6),  (7)  are  symmetrical  with  respect  to  (xyz\abc) ;  (10)  shows 
this  substitution  does  not  affect  r,  and  consequently  the  values 
of  y  and  z  may  be  written  down  at  once  from  that  of  x. 

Exercise  lix. 
1.     ax+by  =  c,  2.     ax-\-by  =  c, 

3.     ax+by  =  c,  4       x          y 

mx+ny  =  c.  a  b  * 


xv  xv 

5.  -f  f-  =   1,  6.     —  +  -  -   =   1, 

a  b  a  b 

x  y  x  y 

b  a  b  a 

•tl.    az+bc-ty+ac.  g       .    +  1  =  m> 

<>  a 

-   +  —   =   n. 

-         y 

9.     (a-\-c]x—  (a  —  c)y  =  2rt6,  x— c          « 

(a  —  &)#  =  2ac.  y  —  c          b 

x  —  y  =  ft  —  b. 

u]  !L  =  A,  12.  x+y  =  a+;/+gy 

y  />  y+l          a  —  b  +  c 

x+m  c  y— 1          a—b—c 

d  x  +  L         a-4-6  — c 
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x-a+c  b  x+c         y  +  b 


y-\-b         c  +  a  x  —  b         y—c 

"   b  +  a  a  —  c     r   a  —  b   ~       ' 


15.     JL.    _L   _L_ 
m-a     ~  m-b    ~ 


n-a         n  —  b~ 
17.     o:+?/+^  =  ;,  x_a  —  b         z-c 


_x_  Jl_             z  l(x-a)+m(y-b)+n(z~c) 

I-  a  "  l-b  ~~  l~c  =     l'        =1. 

19      "~a  =  ?T^  ..   «^f  20.     aa-a=6-4  =  c«-c, 
^                               r 


^  1. 
21.     aj+y-|-«  =  a  +  6+(?,  22. 


=  0. 
23.    a;+^-| 

x  :  y  :  z  =  a  :  b  :  c.  mx  =  ny,  qy  —  pz 

25.     jB2/+2/2  +  2«  =  0,  ayz  +  bzx+cxy  =  0, 

bcyz-{-acxz-{-abxy  -f  (a  -b)(b—  c)  (c  —  a)xyz  =  0. 

26. 


27.       mx  +  ny  +}>z  +  </«  =  r, 


a;  y  z  u 

abed 
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_  y(x+z)         z(x+y)  _1 

a  b  c  ~  ai-b  —  c 

I  1  1 

--  h    ---  1  --     =     « 

x  y  z 


29.     a- 


30.         «£+%  =  !,  31.         ly+mx=n, 


l,  mz-\-ny  =  l. 

32.         x+y  =  a,  33.    y+«-ar  =  —  , 

L 

7  /?* 

2/+3  =  6,  z  +  x-y  =  ^, 

m 

*+a  =  c.  x  +  y-z  =  ^, 

7i 

84.   1  +  1  =   2a.  35.    1  +  1  _  1  =  1, 

y  z  y  z  x  a 


2           a;  2           x           y 

11  1112 

—  +  —   =    2c.  •       —   +  -  ---  .= 

x           y  x           y           z            G 

86.    (a  +  &).-«;  +  (a  -  &)*  =  25c, 


Q7  y  z 

''    ; 


-  J 

c  6-f-c 

0;  a; 
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39.    x+y-z  =  a,  40.    u+v-x  =  a, 


v+x-y—d. 

Exercise    Ix. 
Eesolve 

2. 


3.     2a;  — 3y  =  w,  4.     (a  —  b)x-{-(a-\-  b)y  =  a-\-  b, 

x  y  1 


a+b    "    a-b 
6.     (a-b)x+y=--^r--,  6.     '*"    '^    '" 


a?          a+6— c 

?/  "   a-6+c* 

ic-f-w            a  x—a         a  —  b 

1. =   T »  8. 


y  —  a   ~     a+b 


n   .»- 2/4-1  -n    x-j-^+l         «-}-! 

O  5l sm  XL/. — •- 

a-y-l  x  —  y+1  ~      a—  l' 

tc+y+1  ,  a;+y+l  _     l_+6 

»+2/-l    "  x  —  y-1  ~~  1  —  6' 

aj— y-fl  19        ^  2/ 

«•    iq^ri  :  a»  '  ^fb  ~  ^1>  = 

a;4-2/+l  a;          y 

-—, — i    =  b-  h  4-  =  2a. 

a?  — y —  ^  a  o 

13.     (rt-fc)a+(a-%  =  2a6,          14.    a' 
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15.        +  z  —  x  =  a,  16. 


—  z-c.  7z-}-llx+y  =  c. 

a  b  c  18. 

I/.     —   +   -  •    —  -       =Zrto, 

x          y  z 

b  c  a 

-     -f-     —  -     —  -     —  &OC) 

y  z  x 

_c_          a_  _b  __ 

z  x  y 

x  y  on      #  ' 

20" 


X 

—  c 


z  _x__    _  x  y  z 

a-\-  b         b  —c  b-\-  c        c  —  a        a  -f-  6 


22      " 

'    ' 


—  7  ,  . 

a—  I  a—  2  x+y 


i 

T      '6-1  ft-2 


__          __     .    i  _ 

V          c-1  c-2 


00  ,  ,  ,  ,  = 

T  +  T  +  T       T  +  T  +  T' 
*        JL       _?_       1.       J_    .    J_. 

7      '    a          6  a  b  c 

24.    _^_   =   1-  =   —   =    —  ,  25.  0.7;  =  ^  =  ^  = 

a  6  ''  ^ 

wa;  4-  ny  +pz+qu  -i  y2  -z2  =x-u. 

26.      --a  =  ai*,  27. 


l  —  x          a  .  u  —  x  —  b. 

l-y    ~~      T 
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28.    lla;+9z/4-z-M  =  a,  29. 


30.         x+v  =  a,  3h 


v  +  qx  =  e. 
82.         x  +-i/+z  =  a,  83.         x*  —  y-{-z  =  a, 

c,  z—  w+e  =  c, 

c?,  tt— y-|-aj=rf, 


84.         x  +  y+z  —  u  =  a,  35.         a;+»/4-5;  — «— v  =  ff, 


'2*  -  u— v-\-  2x  —  y  =  3c, 


Exercise   Ixi. 

Resolve  the  following  systems  of  equations  : 

2     x+1         a  It 


a* -a* 
4. 
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(l+a:)(l-y)         1+b  x-y          b2-^ 


6. 


1+xy          6-f-c  l—j.'y         1  —  a2 

x  —  y          b  —  c  x—y  26 

l-xy    '        a    '  1+tfy    "    1 "-  b* 


r-  *,^- y  uii  (x  o         A     l^*0,'/  T^Sr 

1—xy    "    a2  — a2'  x  +  y  1-^xy    '      m* 


9. 


x-y  2/>j8  1  —  a;//  a:  -y     _ .  26^ 

f+.ny    ""   62  -/32'  a;  — y          1     a#          w' 


r'» 


x-}-z  =  "2bxyz, 


l(i-^)  =  b- 

11     2/H~^~a;  2+^  —  2/         aj  +  y-z     12.   ax  =  by  =  cz, 

a  b  ~~c       '  l_          1  1 

ajy«  =  m».  :  T         7   +  T' 


18.    y*+z*-x(y+z}=a, 


14     Zax=(b+c-a)(y+z\ 


(x+ y+z}*  +x2  ~h/3  +22  =  4(a2  +/;2 

15.    X-—±    =    ^H1,  10.    ? 

y-1         6-1 

a;3-l         g3      | 

17.    a;*  fic2y2+2/4  =  «»  18 


20. 
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SIMULTANEOUS    EQUATIONS. 


X 

xy = 

y 


21. 


22.   JB»-*»    = 


b+c 


b-c 


x+y 


' 


25. 


27. 


z(x+y+z)=c~xy. 


24. 


xy 


xy 


26.    (x+y)(x+z)=a, 


28.    x*---**= 


81.  .x*-*= 


32. 
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CHAPTER  VIL 

EXAMINATION  PAPERS  :     EDUCATION   DEPARTMENT  AND   UNIVERSITY 
OF  TORONTO. 


I. 

1.  State  the  rules  for  tlie  addition  and  subtraction  of  Algebraic 
quantities.     Express  in  the  simplest  form 

c-a)x+(c-\-a-b)y+(a+b-c)z 


2.  State  and  prove  the  Index  Laws.     Assuming  these  to  be 
general,  interpret  x~m. 

Find  the  products  in  the  following  cases  : 

(1)  (x3 

(2)  (a  +  b+c)(b+c~a)(c+a-b)(a  +  b-c). 

3.  Prove  the  rule  of  signs  in  Division. 
Divide  :    [Apply  Homer's  Method  to  (1)] 

(1)  £e6-22z4  +  60.6-3-55:e3  +  12a;-H  by  #2 

(2)  z4  +  9-t-8l3T-4  by*2-3  +  9;e-2.         (3) 

4.  Find  the  square  roots  of 

(1)  4a,4«_  lia-a-    +    *     «« 

o  y 

/ox     a2          &2  (-3  a  c  b 

(2)  -  ;   +  .-»   4-  —   --  2—   -  2—  +  2  — 
6-*          c2          r6^  c  6  a 

5.  Distinguish  between  an  algebraic  equation  and  an  identity. 
Solve 

(1) 
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(2)    *Z*         £±?   ..    2  *+B. 
1    x+2   "  s-2   ~     2>^Tj' 


6.  A  person  bought  a  certain  number  of  oxen  for  $320.     If  he 
had  been  able  to  purchase  four  more  for  the  same  sum,  each 
would  have  cost  him  $4  less.     Find  the  number  ^of  oxen.     Ex- 
plain the  negative  result. 

7.  (1)  If  A         ±  shew  that 


b  d  c2+2o/+3d2    "    d(c-3d) 

(2)    Find  the  value  of  x«  -  200z5  -f-198.e4  -f  200a;3  -  197rc2 
-397«  when  x  =199. 

8.  Three  towns,  A,  B,  (7,  are  at  the  angles  of  a  triangle.  From 
A  to  (7,  through  B,  the  distance  is  82  miles  ;  from  B  to  A,  through 
C,  is  97  miles  ;  and  from  C  to  B,  through  A,  is  89  miles.  Find 
the  direct  distances  through  the  towns. 

II. 

1 .  Prove  xm  -r  xn  =  xm~n. 

Simplify  (a-f-6  +  c)3  —  3(a-J-6+c)2c-f  3(a-f-6-f  c)c3  -c3. 

2.  Prove  the  rule  for  finding  the  L.  C.  M.  of  two  quantities. 
Find  the  L.  C.  M.  of 

—  Sabc,  and 


a  c  ac 

3.  Prove  -r    X   -r   =  T-T- 
6  a          fca 


Simplify       i-y  +      r- 


a__  a_ 

4.  Eeduce  to  their  lowest  terms    a2m  t  am_  o  >  and 


5.  (1.)  If  a3—  pa2+qa  —  r  =  0,  then  x3  —  px*+qx~  r  is  exactly 
divisible  by  x  -  a. 

(2.)  Prove  that  (a+b  +  c)(bc+ca  +  ab)  —  (b+c)(c+a)(a  +  b)  is 
divisible  by  abc.     Is  there  any  other  divisor  ? 
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7.   Solve  the  equations  — 

4a;2-2 


=         ~     ~ 


7~-16a;+4a!a 

(3  )  12x+17 

V  ';  "  "  "  " 


8.  A  person  going  at  the  rate  of  p  miles  an  hour,  and  desiring 
to  reach  home  by  a  certain  time,  finds,  when  he  has  still  r  miles 
to  go,  that,  if  he  were  continuing  to  travel  at  the  same  rate,  he 
would  be  q  hours  too  late.     How   much  must  he  increase  his 
speed  to  reach  home  in  time  ? 

9.  Of  the  three  digits  comprising  a  number,  the  second  is 
double  of  the  third  ;  the  sum  of  the  first  and  third  is  9,  and  the 
sum  of  the  three  digits  is  17.     Find  the  number. 

10.  A  owes  B   $a  due  m  months  hence,  and  also  $fe  due  n 
months  hence.     Find  the  equation  which  determines  the  time  at 
which  both  sums  could  be  paid  at  once,  reckoning  interest  at  5 
per  cent,  per  annum. 


III. 
1.  Ifjr=10,  //  =  11,  e-12,  find  the  value  of 

and  subtract 
b*2  from 


( 

\  x*  - 


(y-x)a*-(y-z)ab~(z-x)b*. 

2.  Divide  a  +  (a  +b)x  +  (a  +  b  +  c)x*  +(a+b  +  e)x*  +(b  +  c)x* 
+  ra;5by  1-f  #+a;3-f  x3  ;  and  find  the  square  root  of 
9  -  24.c-f  58z2  - 


30!  /      X 

3.  Solve   (1) 
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(2)  i*-» 


4.  A  boy  bought  a  number  of  oranges  at  the  rate  of  45  cents  a 
dozen  ;  if  he  had  received  20  oranges  more  for  the  same  money 
the  whole  would  have  cost  him  only  40  cents  a  dozen.  How 
many  did  he  buy  ? 

6.  A  farmer  took  to  market  two  loads  of  wheat,  amounting  to- 
gether to  75  bushels  ;  he  sold  them  at  different  prices  per  bushel, 
but  received  on  the  whole  the  same  amount  for  each  load  ;  had  he 
sold  the  whole  quantity  at  the  lower  price  he  would  Lave  received 
$78.75  ;  but  had  he  sold  it  at  the  higher  price  he  womd  have  re- 
ceived $90.  Find  the  number  of  bushels  in  each  load. 

6.   Show  how  to  find  the  square  root  of  a  +  -\/b. 
Find  the  square  root  of  l-f-|/(l  —a3) 


7.    Solve   2~^T7  +   —  Zo   ~   ~~^3  '  an(*  ^n^  *^e  va^ue  °*  a 


when  ax2^-  86aH-81  =0,  has  equal  roots. 


Tf   a  c  xi    .  s 

-  If     =      prove  tliat       -  »  ;  and 


li 


~  V(bd) 


9.  Show  that  a*(b  —  c)  +  b*(c-  a)  +  cs(a-b)  is  exactly  divisible 
by  a-\-b  +  c  ;  and  resolve  the  expression  into  its  factors. 


1.  Multiply  a- -f-62  — c2  +  2a6  by  a2  —  b%  -|-c3  +  2ac,  and  divide 
the  product  by  a2  -b2  -c- 

2.  Simplify 
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3.  Find  the  L.C.M.  of  4u;2-9y3,  4x*  -Wxy  +  6i/*:  and  6x*  - 
,  and  the  G.C.M.  of  l+x*+x+x*  and 


4.  Obtain  the  square  root  of  i  —  f  j/^-,  and  find  the  value  of  c 
when  4x4  —  12x3y+cx*y2  —  l'2^y34-4//4  is  a  perfect  square. 

o.  Distinguish  between  an  equation  and  an  identity.  Give  an 
example  of  each.  What  value  of  ?/i  makes  (aj  —  8)s  —  (a;  —  1)  (#  —  6) 
=  w  an  identity  ?  Can  any  value  of  m  make  it  an  equation  ? 

6.  Reduce  to  its  simplest  form 


y(l+x)-yx 
7.  Solve  the  equations 


m    ±l!      _L  ~_          ±^Z_r   -  a 
*  '   ^+2^     '  ^^2"     '  "iZT 

(2)    73//-5^=^-5^  +  3y), 
5  ^7_ 

~    33* 


8.  A  person  performed  a  journey  of  22  £  miles,  parti  v  by  car- 
riage, at  10  miles  an  hour,  and  partly  by  train,  at  36  miles  an 
hour,  and  the  remainder  by  walking,  at  4  miles  an  hour.     Ho 
did  the  whole  in  1  hour  50  minutes.     Had  he  walked  the  first 
portion,  and  performed  the  last  by  carriage,  it  would  have  taken 
him  2  hours  30  £  minutes.     Find  the  respective  distances  by  caiv 
riage,  train  and  walking;. 

9.  Solve 


. 

6aH-16 

10.  What  value  of  y  will  make  2x2  -f  3xy+  6ys  exactly  divisible 
by  x—  8? 

If  a  and  b  are  the  roots  of  the  equation  x2  +x  -1-1  =  0,  show 
that  a3  -63  =  0. 
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V. 

1.  Multiply 


Prove  that 

(\x  —  y)*  —  (x-\y)*  is  exactly  divisible  by  se-f  y. 

2.  Express  in  words  the  meaning  of  the  formula 


Retaining  the  order  of  the  terms,  how  will  the  right-hand 
member  of  this  expression  be  affected  by  changing,  in  the  left- 
hand  member  (1)  the  sign  of  b  only,  (2)  the  sign  of  a  only,  (3) 
the  signs  of  both  a  and  b  ? 

3.  Simplify  (a4-&)4  +  (a-&)4-2(a3-62)*  ;  and  show  that 


when  a*  +&2  =  e» 


a  c  ad 

4.  Prove  that  y^  ^   =   ^ 

Simplify 


5.  I  went  from  Toronto  to  Niagara,  35  miles,  in  the  steamer 
•*  City  of  Toronto  "  and  returned  in  the  "  Eothsay,"  making  the 
round  trip  in  5  hours  and  15  minutes  ;    on  another  occasion  I 
west  in  the  "  Kothsay  "  (whose  speed  on  this  occasion  was  1  mile 
an  hour  less  than  usual),  from  Toronto  to  Lewiston,  42  miles,  and 
returned  in  the  "  City  of  Toronto,"  making  the  round  trip  in  6 
hours  and  30  minutes  ;  find  the  usual  rates  per  hour  which  these 
steamers  make. 

6.  Solve 

A     A     JL     A     _!_     A 

^         x  y  a  x  y  a 


(2)    x*+5x 

7.  Find  three  consecutive  numbers  whose  product  is  48  times 
the  middle  number. 
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8.  If  m  and  n  are  the  roots  of  ax*+  bx  +  c  =  Q,  then 
ax2  +  bx+c  =  a(x  —  m)(x  —  n). 

Show  that  if  ax2  +  bx-{-c  =  0  has  equal  roots,  one  of  them  is 
given  hy  the  equation 


-  If  T  =  7andS  +  S  =  1> 

w2         n2          777,2  +na 
2    '      "?  s' 


VI. 

1.  Simplify 

—  as  2 

2.  Divide  a3—  6s  —  c3—  3abc  by  a  —  6  —  c,    and  show,  without 
expansion,  that 


3.  Resolve  into  factors  x*  —  %x2y2-\-  ?/4,  and 

7x2-6i/2     a;.y  +  19a;  +  88y-86;  and  prove  that 
6s(c-f-a)+c-2(a-f  6)-a2(6+c)+a6c  is  exactly  divisible  by 

b  +  C-CL. 

4.  Apply  Homer's  method  of  division   to   find  the  value  of 
5iB5  +  mz4  +  200z3  +  196z2-218o;-2000   when   a;  =-99,    and 
the  va.ue  of  6z5  '-\-5x*  -  llxs  -6a;3+10a;-2  when  2z2  =  -Qx+1. 


6.  Find  what 

*)  becomes  when  ,  =  . 


6.  If  a  and  6  be  any  positive  numbers,  prove  that 
la  a  * 

T  +  rTa  >  x'  T  +  T  >  2' 
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7.  Solve  the  equations  — 

(])    a^  +  y*  =  5, 


(2) 

2a;  +  3y  +  z 


(8J 

8.  There  are  three  consecutive  numbers  such  that  the  sum  of 
their  cubes  is  equal  to  16f  times  the  product  of  the  two  higher 
numbers  :   find  the  numbers. 

9.  (1)  Form  an  equation  three  of  whose  roots  are  0,  y'(  —  3), 

and  1  —  1/2. 

(2)  If  one  of  the  -roots  of  the  equation  x~+px-{-q=0,  is  a 
mean  proportional  between  p  and  q,  prove  that 


10.  Two  trains  start  at  the  same  instant,  the  one  from  B  to  A, 
the  other  from  A  to  B ;  thev  meet  in  1£  hours  ;  and  the  train  for 
A  reaches  its  destination  52£  minutes  before  the  other  train 
reaches  B  :  compare  the  rates  of  the  trains. 

VII. 

1.  Give  some  application  of  the  ''rule  of  signs"  in  Algebraic 
Multiplication  and  Division. 

2.  Find  the  numerical  value  of  the  quantity 
when  a  =  10,  b  =  -01,  c  =  0;  and  prove  that  if 


,  then  will  (a+6) .  ±1* 

a+b—c+x 
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8,  Investigate  a  method  of  finding  by  inspection  the  remainder 
after  dividing  any  rational  and  integral  function  of  x  by  x+a. 

Show  that  the  quantity 


is  divisible  by  each  of  the  quantities  x-\-  a,  x+b,  a  —  2x,  b-x. 

4.  Investigate  the  rule  for  finding  the  H.C.F.  of  two  algebraic 
quantities,  showing  under  what  limitations  factors  may  be  intro- 
duced or  suppressed  at  any  step. 

Find  the  H.C.F.  of 

(1)  6jj*-7«»-13aj»  +  19*-6  and  x3  +2»»-i. 

(2)  (x+y)(ax*-by*)-xy(a-b)(x+y),  and 
(x  -  y)(ax2  —  by2)  +xy(a—b)(x—y). 

5.  Prove,  by  general  reasoning,  that  the  value  of  a  fraction  ia 
not  altered  by  multiplying  or  dividing  both  the  numerator  and 
denominator  by  the  same  quantity. 

13  7  s-4 


Simplify       (1) 


12(23-3)    '      12(2^+3)   ""  4s34-9 

((x+a)(x-b)  +   " 
f  1 


a)(x-b)\ 


(x 
6.  Solve,  with  respect  to  x,  the  equations 

m    g~18         2a?-24'          lla?-84          1_ 
4  11  22  =   44* 


5a;-4  73-10         "    35^-78x4-40 

(8)    a?3  =ax-}-by,  and  ?/2  =  bx-\-  ay. 

VIII. 

1.  Define  the  terms  "power,"   "root,"  "  index,"  and  "  coefii- 
cient ;  explain  also  the  reasoning  by  which  it  is  shown  that 
a  —  (6  —  c)  =  a  —  6  4-  c. 
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2.  Multiply  (aj»+a^4ys)s  by  (aj—  y)». 
Find  the  values  of  a  and  6  which  will  make 

x2  +ax+b  divisible  by  x+  p,  and  also  by  x  f  q. 

8.  Divide  xG+y*+2x3y*  by  (*+?/)2,  and 

a8-fa4&4-H>»  by  (a2  _afc+6»)(a»  +  rt6+6»). 

4.  Investigate  a  rule  for  the  extraction  of  the  square  root  of  any 
algebraic  quantity,  and  deduce  the  rule  for  the  extraction  of  the 
square  root  of  a  number. 

If  to  any  square  number  be  added  the  square  of  half  the  num- 
ber immediately  preceding  it,  the  sum  will  be  a  complete  square  : 
viz.,  the  square  of  half  the  number  immediately  following  it. 

6.  Find  the  square  root  of 
(1)  a 


(2)  iz-4+-^     +  TV 
6.  If  x2+ax-\-b  and  x*+a'x  —  b  have  a  common  measure,  it 


will  be  x-\-  —  2"—  ,  an^  *ne  condition  that  they  may  have  a  com- 
mon measure  is  46  =  a2—  a'3. 


Find  the  H.  C.  F.  of  x*+p*x*+p*  and  a;4  +  2/w3  -f  p3a2-p4. 
Find   the  L.  C.   M.  of   2£(a;a-f  a-20),    3i(>2  -»-  SO),   and 


7.  Find  values  of  a  and  &  which  will  render  the  fraction 


the  same,  for  all  values  of  x. 


8.  Solve  the  equation  2  +  1/(^+lX^-f  6)  -  i/(»  -  1  )  (  'x+  5)  =  0, 
and  account  for  the  circumstance,  that  the  values  of  x,  determined 
from  it,  apparently  do  not  satisfy  the  equation.  - 
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IX. 


1.  Prove  that  a(2n-{-l)(a*  +ww4-l)  -n(2^-f  1)(«2  +a-a  +  l) 

=  (<7,-?l)3. 

±  If  a,  b,  and  s  are  positive  quantities,  and  if  «>6  and  c>a-  fc, 

prove  that 

e  —  (a  —  6)  =  c  —  a-\-b. 

Assuming  this  equation  to  hold  good  when  a,  b  and  c  are  unre- 
stricted, prove  that  the  expression  —  (  -a),  occurring  in  an  algeb- 
raic operation,  is  equivalent  to  -f  «• 

3.  If  x3-}-ctx3  -\-b  and  x*+p.v+q  have  a  common  measure  of 
the  form  of  x*+mx+n,  then  a3bq  =  (b  —  q)3 

±.  Find  the  H.  C.  F.  of 

a-  —  b2  —  abxy  +  abx~1y~l,  and  a*xs  —  b3y-l-+~a2bx2y  —  b*xy~2. 

5.  A  and  B  are  two  numbers,  each  of  two  digits.     The  left- 
hand  digit  of  A  exceeds  that  of  B  by  x  ;  the  excess  of  A  above  B 
is  y  ;  but  the  sum  of  the  digits  of  B  exceeds  the  sum  of  the  digits 
of  A  by  z.     Prove  that  y  -\-z  =  9x  ;  and  give  an  example  of  two 
such  numbers  as  A  and  B. 

a  b  c 

6.  If  -£•   =   —   =    -p,  prove  that  each  of  these  ratios 


a+b+c 

and  also  =    v~-     .  -y 
b+    +d 


7.  Solve  the  equations 


,-x     x  +  a         x  —  a         b-\-x 

x  —  a         x-{-a   ~~    b  —  x 
(2)    a( 


8.  A  farmer  buys  a  sheep  for  $P  and  sells  b  of  them  at  a  gain 
of  5  per  cent.  ;  at  what  price  ought  he  to  sell  the  remainder  to 
gain  10  per  cent,  on  the  whole  ? 

9.  The  sum  of  three  numbers  is  70  ;  and  if  the  second  is  divided 
by  the  first,  the  quotient.  is  2,  and  the  remainder  1  ;  but  if  the 
third  is  divided  by  the  second,  the  quotient  is  3,  and  the  remain- 
der  is  3  ;  what  are  the  numbers* 
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X. 

1.  Divide  ax*  +  2cxyz+by3  +ax~(y+z) -f  by*(z+x)  +  2cxy(x+y) 
*>y  x+y+z. 

2.  Prove  that  if  x*+px*+qx+a*   be  divisible  by   a;3-!,    it 
is  also  divisible  by  x2  —  a2. 

3.  Explain  the  reason  for  introducing  or  suppressing  factors  in 
the  process  of  finding  the  H.G.F.  of  two  algebraical  quantities. 

"Why  is  the  name  "  Greatest  Common  Measure  "  objectionable  ? 
Find  the  H.C.F.  of  x^-xs-x2  -  a? -2  and  3x*  -7x2-f3a;-2. 

4.  A  traveller  leaves  A  for  B  at  the  same  time  that  another 
leaves  B  for  A ;  the  former  walks  at  the  rate  of  3  miles  an  hour 
till  he  has  performed  half  the  distance  ;  he  then  rests  for  an  hour ; 
after  which  he  resumes  his  journey,  walking  now  at  the  rate  of  4 
miles  an  hour  ;  the  second  traveller  goes  at  the  rate  of  4  miles  an 
hour  till  he  has  got  over  one-third  of  the  distance  between  B  and 
A  ;  he  then  rests  for  40  minutes ;  after  which  he  resumes  his 
journey,  walking  now  at  the  rate  of  3  miles  an  hour.      The  tra- 
vellers reach  A  and  jB  respectively  at  the  same  time.     Find  the 
distance  between  A  and  B. 

5.  Show  by  examining  the  square  of  a+b  how  the  square  root 
of  an  algebraical  quantity  may  be  found. 

Find  the  square  roots  of 

(1)    25a;4- 30^3+49^2  _24a3;E-fi6a4,  and 


6.  Show  that  a   =  Va"N  when  m  and  n  are  integers,  and  m  is 
divisible  by  n  ;  and  state  the  principle  on  which  you  would  main- 
tain the  truth  of  the  equation  for  all  values  of  m  and  n. 

7.  Solve  the  equations 


5a;-4 
(2)     (8aj-l)» 


.3.27 
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8.  Two  regular  polygons  are  so  related  that  the  number  of 
their  sides  is  as  2  to  3,  and  the  magnitude  of  their  angles  as  3  to 
4  ;  find  the  figures. 


XL 

1.  State  in  words  the  several  operations  to  be  performed  in 
order  to  obtain  the  result  expressed  by  the  following  algebraical 
expression  : 


Also  find  its  value  when  a  —  b  =  4. 

2.  Two  men,  A  and  J3,  dig  a  trench  in  3f  days.     If  A  were  to 
do  more  work  by  one-third  than  he  does,  and  B  more  work  by 
one-half  than  he  does,  they  would  dig  the  trench  in  2f  £  days.    In 
what  time  would  each  dig  it  alone,  at  his  present  rate  of  work  ? 

3.  Perform  the  multiplications  in 
(1) 


(2)     ( 

4.  Divide 

(1)  aji  +  O  +  Slar*  by  a;2- 

(2)  x*  -(a+b+p)x*  +  (ap+bp-c+q)x*  -(aq+bq-cp)x-qc  by 
x2  -px+q. 

5.  Show  that  ^'»+1_a;2n-1  is  always  divisible  by  x±l,  m  andn 
being  any  positive  integers. 

6.  Define  a  fraction  ;  and  from  your  definition  prove  a  rule  for 
adding  together  two  fractions  with  different  denominators. 

Add  together  the  fractions, 

<t%  —  bc  b2—ca  c*—ab 
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7.  Solve  the  following  equations  : 


x2  4-  8^+20         z2+4z  +  6         x2  -f  0^+12 

~4~  r~o • 


x+2 

(2)    (*«+y»)i   =    10-°,    (*»-,»)  .L   =   ±1. 

2/3  a;  4 

XII'. 

1.  When  m  and  n  are  whole  numbers,  and  m  greater  than  n, 

am  1 

show   that  —  =  am~n  and  that  —  is  correctly  symbolized  by  a~n . 

2.  Multiply(a-&)(a+6)(a2+&2)(a4+64)  .  .  .  to  (w  +  1) factors. 

3.  Divide  1  —  x  by  1  — 2#,  to   5   terms,  and  write  down  the 
(r-fl)th  term,  and  the  remainder  after  (r-fl)  terms. 

4.  If  the  number  three  be  divided  into  any  two  parts,  show 
that  the  difference  of  the  squares  is  three  times  the  difference  of 
the  numbers. 

5.  Find  the  L.  C.  M.  of  1  -8z-f  17z3-f-2x3-24z4,  and 


6.  What  relation  must  there  be  between  the  coefficients  w,  nt 
p  and  q,  in  order  that 

(x2  +mx+ri)2  +px*  +  qx 
may  be  an  exact  square  for  all  values  of  x  ? 

7.  Solve  the  following  equations  : 

1-a;3 
"  : 


-    .    3. 


8.  Givena;+2/+2  =  aa;  =  6y,  find 

9.  Find  a  number  expressed  in  the  decimal  notation  by  two    | 
digits,  whose  sum  is  10  ;   and  such,  that  if  1  be  taken  form  its    I 
double,  the  remainder  will  be  expressed  by  the  same  digits  in  a 
reversed  order. 
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XIII. 
1.  Find  the  value,  when  a  =  2  J,  b  =  3  J,  c  =  4|  of 


2.  Show  that  the  value  of  the  expression,  in  the  preceding 
question,  is  not  altered  by  changing  a  into  a  -fa,  b  into  b+x,  and 
cinte  c+x. 

3.  Multiply  (1  -fa  •!»)(!  +  rt2z)(l+a3z)  ...  (  1  +  anz)  to  3  terms. 

4.  A  speculator  borrows  a  sum  of  money  at  the  yearly  interest 
of  7  per  cent.  ;  part  of  the  amount  he  Invests  at  8%  per  cent.,  and 
the  remainder  at  9  ;  and,  at  the  end  of  the  year,  he  finds  that  he 
has  made  a  profit  of  $75  ;  but,  had  the  former  part  been  invested 
at  9  per  cent.,  and  the  latter  at  8£,   his  profit  at  the  end  of  the 
year  would  have  been  only  $65.     Find  the  whole  sum  borrowed. 

5.  Given    ax+by  =  c,    a'x+b'y  =  c',    determine    the   value    of 
mx-\-ny,  and  find  the  conditions  under  which  the  value  becomes 
indeterminate. 


thenwilla1+rt2+<73+  ..     .     .   -j-  an  = 
7.  Eliminate  x  and  y  from  the  equations 


8.  If  ax*+bx+c  =  0  a1  d  i^  +blx+cl  «0,  then  will 

(a&j  —  alb)(bcl—  blc)  =  (acl  —a^. 

9.  Find  that  number  of  two  figures  to  which  if  the  number 
formed  by  changing  the  places  of  the  digits  be  added,  the  sum  is 
121  ;  and  if  the  same  two  numbers  be  subtracted,  the  remainder 
is  [). 
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XIV. 


1.  Simplify 


-a)(c-b)(a-tb)}. 

2.  State  the  law  of  Indices,  and  prove  it  for  positive  integral 
indices  ;  and  assuming  it  to  be  general,  interpret  the  expressions 

m 

x~~™,    xn  ,  where  m  and  n  are  positive  integers. 

3.  Having  given  the  equations, 


prove  that  a2(yz  -y'z!)  +  b2(zx-z'x')-}-c^(xy-xly')  =  0. 

4.  A  traveller  P  sets  out  to  walk  from  A  to  B,  proceeding  at 
the  rate  of  3  miles  an  hour  ;  and,  32  minutes  afterwards,  another 
traveller  Q  sets  out  to  walk  from  B  to  A,  proceeding  at  a  uniform 
rate.  They  meet  half  way  betwixt  A  and  B.  P  then  quickens 
his  pace  by  1  mile  an  hour  ;  and  Q  slackens  his  1  mile  an  hour. 
Q  reaches  A  at  the  same  time  that  P  reaches  B.  Find  the  dis- 
tance between  A  and  B. 

6.  How  are  equations  classified  ? 
Solve  the  equations  — 

(1) 

(2) 


6.  What  two  numbers  are  those  whose  difference,  sum  and 
product  are  to  each  other  as  the  three  numbers  2,  3,  5  ? 

XV. 

1.  What  is  the  meaning  of  the  symbols  a,  a2,  a3     .     .     ? 
Show  a  priori  that  a°  =  1  ;  how  do  you  know  that  ab  =  ba  ? 
How  is  it  proved  that  the  multiplication  of  like  signs  gives  a 
positive,  and  that  of  unlike  signs,  a  negative  result. 
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2.  Find  the  value  of 

(&-c)»+2(c-a)»  +  («-&)»  -8(ft-c)(c-a)(a-6) 
when  a  =  1,  b=—  J,  c  =  f. 

3.  Simplify  the  following  expression  : 


4.  P  and  #  are  travelling  along  the  same  road  in  the  same 
direction.     At  noon  P,  who  goes  at  the  rate  of  m  miles  an  hour, 
is  at  a  point  A  ;  while  Q  who  goes  at  the  rate  of  n  miles  in  the 
hour,  is  at  a  point  B,  two  miles  in  advance  of  A.     When  are  they 
together  ? 

Has  the  answer  a  meaning,  when  m  —  n  is  negative  ?  Has  it  a 
meaning  when  m  =  n?  If  so,  state  what  interpretation  it  must 
receive  in  these  cases. 

5.  Show  how  to  find  the  Least  Common  Multiply  of  two  or 
more  algebraic  quantities. 

(1)  x*-ax-2a2,  x*+cix*  and  ax2  —  x3. 

(2)  xs  -x2y  -a2x+a2y  and  x3+ax2  —  xy2  —  ay9. 

In  what  algebraic  operations  is  the  Lowest  Common  Multiple 
of  two  or  more  quantities  required  ? 

6.  State  and  prove  the  principle  upon  which  the  rules  of  Addi- 
tion and  Subtraction  of  fractions  are  founded. 

Simplify  the  following  expressions  : 
(fl+6-c)*  -d2          (6+c-a)8-da 

3  -*  +    &     c»_(a+rf)s    '" 
a(a-b) 
(a+b)b 


by  -  cz  +  <t(y-z)  =  (b-  c)(b  +c  —  a), 
cz  —  ax  +  b(z  -x)  =  (c~  a)(c  +  a  —  b) 
then  will          a*(b-c)+b*(c-a)  +  c2(a-fy=A. 

Q.  P  is  a  number,  of  two  digits,  x  being  the  left  hand  digit,  and 
y  the  right.  By  inverting  the  digits,  the  number  Q  is  obtained. 
Prove  that  11  (x  +  y)(P-  <?)  =  9  (x-y)  (P+Q). 
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XVI. 

1.  Show  that 

{(ax+by)*  +  (ay-bx)*}{(ax 
-y*);  and  that 


is  the  sum  of  three  squares. 

2.  If  s  =  a-{-b-+-c-{-&c.  to  n  terms,  then 

s  —  a         s  —  b         s  —  c 

4.   + 4-    &c.    =   n-  1. 

*  s  s 

3.  Show  that  a  —  b,  b  —  c,  and  c—a  cannot  be  all  three  positive 
or  all  three  negative. 

4.  Extract  the  square  root  of 


5.  Given  ab-±(a+b)(p+q}+pq  =  0, 


find  the  value  of  p  —  q,  and  show  that  if  either  a  or  b  is  equal  to  e 
or  d,  then  p  is  equal  to  <?,  unless  a-\-b  = 

6.  Find  the  value  of  —  ,  having  given 

y 


zn    '       xn  +  b(x-y)n 

7.  Prove  that   (a  —  b)(b  —  c)(c  —  a)  is  a  common  measure  of  the 
quantities 


8.  Find  the  conditions  that  alx+bly  =  cl,  a2x+b2y  =  c2,  and 
a3x-{-t>zy  =  c3  may  be  satisfied  by  the  same  values  of  a;  and  y. 

9.  Two  persons,  A  and  B,  start  at  the  same  instant  from  two 
stations  (c)  miles  apart,  and  proceed  in  the  same  direction  along 
the  line  joining  the  stations  with  velocities  (a)  and  (b)  miles  per 
hour.     Find  the  distance  (x)  from  the  stations  where  A  over 
takes  B,  and  interpret  the  result  when  a  £  b. 
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XVII. 

1.  Express  in  symbols  the  result  of  subtracting  from  unity  the 
quotient  obtained  by  dividing  the  sum  of  a  and  b  by  their  product. 

2.  Multiply   together   x  +  i/a  +  b,    x—</a-\-l),   x-^--\/a  —  b  and 
x-  v/a  -  b  ;  and  divide  24a3 

8.     If  x+a  be  the  H.   C.  F.  of  x2+px+q  and  a;2  +p'x+ q', 
their  L.  C.  M.  will  be  (x+a}(x+p-a)(x+p' -a). 
Show  that  the  difference  between 

x  x  x  a  b  c 

-f-   1   +    and  -     -   + 1  +  •' 

x  —  a         x  —  b         x  —  c         x  —  a         x  —  b         x—'c 

is  the  same  whatever  values  be  given  to  x. 
4.  Prove,  if  the  four  fractions 

bx  +  cy-\-dz       cx+dy-\-az       dx+fty  +  bz       ax-\-by-\-cz 


—  a       c-M+«—  &       d-f  a  +  V-~c       o+6+c  -d 
are  equal  to  one  another,  their  common  value  will  be  equal  to 

—  k  —  as  long  as  a  +  b+e-\-d  does  not  vanish. 

5.  What  do  you  mean  by  solving  an  equation.     Show  that  3  is 
a  root  of  the  equation 


6.  Eliminate  x  between  the  equations 

—  w» 

a;  / 


-    +  3       H 


7.  If  —    -4-  T-  —  —   =  —  ,  a,  6,  c  are  not  all  different. 

a  b  c          a+  o  —  c 

8.  A  cask,  A,  contains  m  gallons  of  wine  and  n  gallons  of  water  ; 
an    another  cask,  By  contains  p  gallons  of  wine  and  q  gallons  of 
water,  how  many  gallons  must  be  drawn  from  each  cask  so  as  to 
produce  by  their  mixture  b  gallons  of  wine  andc  gallons  of  water  ? 
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XVIII. 

1.  Multiply  together  the  factors 

1-x,  1  +  z,  1-fx2,  1+^4,  and  1+x*, 
and  show  that  if  n  is  any  uneven  number,  the  sam  of  the  rath 
powers  of  any  two  numbers  is  always  divisible  by  the  sum  of  the 
numbers. 

2.  Find  the  numerical  value  of  the  expression 


b       \fa  —  \/c 
where  a,  b,  c  are  connected  by  the  equation  a(b  —  c)3  —  c(b+c)  2  =  0. 


3.  A  has  a  younger  brother,  B.     The  difference  between  their 
ages  is  f  of  the  sum  of  their  ages.     By  adding  twice  B's  age  to 
5  times  -4's,  we  obtain  the  age  of  the  father  ;  and  by  subtracting 
twice  B's  age  from  5  times  A'  8,  we  obtain  the  age  of  the  mother. 
Show  that  the  age  of  the  mother  is  T9T  that  of  the  father. 

4.  Find  the  H.C.F.  of 

,  and 


e  if  _i_    i    _   =   _  ,  shew  that 


*6.  Show  fully  how  the  rule  for  finding  the  square  root  of  a 
given  number  is  obtained.  If  w-f-1  figures  of  the  square  root  of 
a  number  have  been  obtained,  prove  that  the  remaining  n  may  be 
obtained  by  division. 

Extract  the  square  root  of 


7.  Find  the  value  of  the  expression 

wen*=  = 

1+xy 


„=  .. 
«-*  « 
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8.  Solve  the  equations  : 

(1) 
(2) 

9.  Divide  21  into  two  parts,  so  that  ten  times  one  of  them  may 
exceed  nine  times  the  other  by  1. 

XIX. 
1.  Multiply  together 


-a2- 
Divide  this  product  by 

Jz2  +!«z-  2a2  -  JaH-2a--i  ; 
and  extract  the  square  root  of  the  quotient. 

2.  If  x+y+z=  -      +      -   4-   •'-  =  0,  shew  that 


8.  Find  the  H.  C.  D.  of  20aj*+a;8-l  and  15x*  +  lox*  -3s-8 
also  of  (x+y)7  -x7  -y7  and  (a;3  -?/3)2. 

4.  Given  that  ab  -  (a+b)(x+y)+4xy  =  0, 
cd  —  (c+d)(x—y)  +  4xy  =  0, 
find  the  value  of  (x  —  y)*. 

o.  Having  given 


Show  that 


l_fla    ••    1-^2    '      i_cs 
6.      llf 


1.  Determine  a;  in  terms  of  a  and  b  in  order  that 
4fl3a._|_4&4  may  be  a  perfect  square. 

8.  A  company  of  90  persons  consists  of  men,  women,  and 
children  ;  the  men  are  4  in  number  more  than  the  women,  and 
the  children  exceed  the  number  of  men  and  women  by  10.  How 
many  men,  women,  and  children  are  there  in  the  company. 
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XX. 
1.  Divide  (l+w)z3  -  (m+n)xy(x-y)  -  (n  —  %3  by 


2.  If  x3  +px2  +qx-\-r  is  exactly  divisible  by  x2-{-mx-\-nf  then 
nq  —  n2  =  rm. 

3.  Prove  that  if  m  be  a  common  measure  of  p  and  q,  it  will  also 
measure  the  difference  of  any  multiples  of  ;>  and  g. 

Find  the  G.C.M.  of  x*  -  px*  +  (q  -  l)x-  +  px-q  and 


4.  Prove  the  rule  for  multiplication  of  fractions. 


z 
and 


x   f  ;tefaji 

(x  +  y)2-z2 

2a3  —  b3  —  ab* 


5.  What  is  the  distinction  between  an  identity  and  an  equation  ? 
If  x  —  a  =  y-i-b,  prove  x  —  b  =  y-{-  a. 

Solve  the  equation 

lftg-13         40a;-43         82»-80         20x-24 
4a;-3  8x-9  Ite^T  1^5" 

6.  What  are  simultaneous  equations  ?    Explain  why  there  must 
be  given  as  many  independent  equations  as  there  are  unknown 
quantities  involved.     If  there  is  a  greater  number  of  equations 
than  unknown  quantities,  what  is  the  inference  ? 

Eliminate  x  and  y  from  the  equations  ax  +  byx=c,  a'x+b'y  =  cf, 
a'fx  +  b"y  =  c". 

1.  Solve  the  equations  — 

(1) 

(2) 

8.  A  person  has  two  kinds  of  foreign  money  ;  it  takes  a  pieces 
of  the  first  kind  to  make  one  £,  and  b  pieces  of  the  second  kind  : 
he  is  offered  one  £  for  c  pieces,  how  many  pieces  of  each  kind 
must  he  take  ? 
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9.  A  person  starte  to  walk  to  a  railway  station  four  and  a-half 
miles  off,  intending  to  arrive  at  a  certain  time  ;  but  after  walking 
a  mile  and  a  half  he  is  detained  twenty  minutes,  in  consequence 
of  which  he  is  obliged  to  walk  a  mile  and  a  half  an  hour  faster  in 
order  to  reach  the  station  at  the  appointed  time.     Find  at  what 
pace  he  started. 

irk      /    \    Tf      &  C      ,••  .-n      rt4-f-C4  rt2C3 

10.  (a]  If    —  =   —  then  will  

b  d  64-M4    "    b*d* 

(b)  Find  by  Homer's  method  of  division  the  value  of 
«5-f290z4+279a;2-2892z2- 586z-312  when  x=  -289. 

(c)  Show  without  actual  multiplication  that 


NOTE.  —  In.  Ex.  6,  p.  87,  after  proving  that  a-\-b+  c  is  a  factor, 
we  may  proceed  as  follows  to  discover  the  remaining  quadratic 
factor  : 

The  quadratic  factor  must  be  of  the  form 

m(a*  +/,2  +  c2)  +n(ab+  bc+ca), 

in  which  m  and  n  are  independent,  being  either  zero,  or  a  positive 
or  negative  number.  To  determine  them  put  e  =  0,  then  the 
given  expression  gives 


but  also  =  m(a2-\-b2)+nab.      ;.  m  =  l  andw  =  2. 


230  EXAMINATION    PAPERS. 

XXI. 

1.  Find  the  value  of  x*  -  {  ----  \-  -r)«24-(-T  ---  ]*+A 

\  a  of  \  o         a  I  b- 

when  a=  £,  &  =  £,  x  =  2.    Simplify 

a3-  [s3-{(3a2z-3«a;2)-fa3}-h2«3]-fz3. 

2.  Find,  by  symmetry,  the  sum  of  (a  +  fc-fc)3  —  (a-\-b  —  c)3  - 
(a-b  +  c)3-(b-a+c)3,    and  of  (a4  —  4fl3J'  +  3a2x2  -2«.e3  +  3z4)2 
and  (a4  +  4a3a+3a2.>;24-2rta;3-t-3a;4)2. 

3.  Explain  and  illustrate  the  signs  >  ,  < 

Prove:  «24-2/2  >2z</,  (x+y+z)2  >3(xy+yz+zx),  and 


4.  Determine  the  value  of  x  -$-y  —  z  +  3x  y  z  ,  whence  +?/   —  z    - 


0,   &c.;  of  a7+7aa;34-8x2  —  3«2-(ic4-f7^3-8a:2-3rt2),   when 
«=  -1. 

p  mp 

5.  Show  that  (am)Z  =  a~  . 

Simplify  I  (-™)  *  j~~*  x  (~)  -  _"*  x  */  (256),  and  divide 

a;  —6ax*-+5a*x+2a2x  -2a*  by  a;*  -  2«  a:+a2. 

G.  If  t*  =  -i  UC-H—  -I  andv  =  ih/4-—-)  Rrove  that 
\        x  I  \         y  / 


7.  Gold  is  19^  times  as  heavy  as  water,  and  silver  10£  times. 
A  mixed  mass  weighs  4,160  ounces,  and  displaces  250  ounces  of 
water.     What  proportion  of  gold  and  'silver  does  the  mass  con- 
tain ? 

8.  Shew  that   l+px-t-qx2-t-rx3  is  a   perfect  cube  if  p2  =3q, 
and  92=3pr. 

9.  Solve  the  equations  : 

,z-2  ,a;  +  2 

(1)  \a-+-2  +  ^-2  =  4- 

(2)  (a:*  +  ?/4 
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10.  A  person  buys  two  bales  of  cloth,  each  containing  80  yards, 
for  $240.  By  selling  the  first  at  a  gain  of  as  maeh  per  cent,  as 
the  second  cost  him,  and  the  second  at  a  loss  of  as  much  per 
cent.,  he  makes  a  profit  of  $16  on  the  whole.  Find  the  cost 
price  per  yard  of  each  bale. 

SECOND  CLASS  TEACHERS,  1880. 


XXII. 

1.  Find  the  value  of  x*+x*-rl66x3  -166.c2+81^  +  81  when 
x=  —'1  ;  and  the  value  of  x*  —  Spx"2  +  (3p2  +q)x—  pq  when 

x  =  a,-}-p.     (Arrange  the  latter  result  according  to  powers  of  a). 

2.  What  is  the  condition  that  x+b  shall  be  a  factor  of 


Find  the  factors  of 
(a).     (ff»-a&)  +  2(/j* 
(b).      (ax+b)(bx  +  c)(c 

3.  What  must  be  the  relation  among  a,  ./>,  c,  that  a.c3  +  // 
may  be  a  perfect  square  ? 

(a).  Extract  the  square  root  of 


(b).  If  5  be  subtracted  from  the  sum  of  the  squares  of  any  four 
consecutive  numbers,  the  remainder  will  be  a  perfect  square. 
(Prove  this.) 

a  c  c  h  I  ,i 

4.  If     T~   =    ~~r   =   ~~r  and  —r~    =   —    =   — 
b  d  f  k  m  p 


ah  +  cl+en 


ab(x*-y*)  +  x,,(a*-b*) 
5.  (a).  Eeduce  ab(x,  +y2)  +^Y+^)  **>  ^  lowest  terms. 

(6).  If  xy-\-  yz  +zx  =  1  prove  that 
x  y  z 

l_^;->      -'      riF     --      f—*      •'•-         l-a- 
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6.  Prove  that 


-  •>/(*•  -4)     =  *+^2 


7.  Solve  the  equations  — 
(a).    (b-c)(x-a)*  +  (c 


(C).       Z 

ai 

bcx+cay-{-abz+(a  —  b)(b  —  c)(c  —  a)  =  0. 


FIRST-CLASS  TEACHERS,  1876. 


XXIII. 

1.  Investigate  Homer's  method  of  division. 

Divide   a*  -3a;8-31aj7+25^6  +3x5  -8^3  +  19^2+8^4-10  by 
3a;4  —  21aj3-h9a;—  6,  showing  the  "final  remainder." 

Find  the  value  of  2#6  -h803a;4-  398^3  +I605a2-  1204^+  422, 
when  a;  =  —  402. 

2.  If  /(#),  a  rational  and  integral  function  of  x  is  divided  by 

.    ,      •    {/(a) 
,  the  remainder  is  - 


where  a,  /3  are  the  roots  of  x2  +px+g  =  0. 

Examine  the  case  where  p*  =4^. 
3.  Show  without  actual  expansion  that 
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4.  Find  the  value  of  x  and  y  that  will  render  the  fraction 

2c) 

H-T  the  same  tor  all  values  of  a. 


5.  Show  how  to  find  the  sum  of  n  terms  of  a  series  in  Geo- 
metric progression. 

(1)  Show  that  the  sum  of  n  terms  of  the  series 


Ill 

(2)  Sum  to  infinity  the  series  2^6  +  4^3  +  5.9. 

6.  Explain  the  notation  of  functions  :  prove  that  if 

f  (m)  =  l+mx+  ^V^*2  +  &c'»  then/  M  x/  M 
1*.Z 

Show  that  in  the  expansion  of  (1  -f-a?)n  the  sum  of  the  squares 

1-2-3  ....  2w 
of  the  co-efficients  =    /-I.O.Q          —  \a* 

7.  Solve  the  equations  — 

^~a         ^~&       -x  —  ^ 

= 


(2)    x4  -10.c3  +  35x2  -50x+  24  =  0. 

1 


8.  Give  a  brief  account  of  mathematical  induction,  and  show 
that  a  square  of  a  multinomial  is  equal  to  the  square  of  each  term 
together  with  twice  the  product  of  each  term  into  the  sum  of  all 
that  follow  it. 

Find  the  sum  of  the  products  of  the  first  n  natural  numbers 
taken  two  and  two  together  ? 

x  y  z 

9.  If  -  -  =  u  +  z,  -j-—  z  -f  x,  -—  =  x  +  yt  prove 

Cb  0  0 

_i_  JL,JL       L±fL 


a        b        c  1  —  ab     \  —  be     1  —  ca 


a(I-bc)~b(l-ca)~c(l-db) 


~~ 
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10.  AB  is  divided  in  C,  so  that  AB,  BC=AC2  ;  from  CA  is 
cut  off  a  part  CD  equal  to  CB  ;  from  DG  is  cut  off  a  part  DE 
equal  to  DA  ;  from  ED  is  cut  off  a  part  equal  to  £C,  and  so  on 
ad  inf.  Show  that  the  points  of  section  continually  approach  a 
point  C'  such  that  AC'^BC. 

14.  Eliminate  x,  y,  z  and  u  from  the  equations 


4s  +  d4M  =  0. 

12.  A  railway  train  travels  from  Toronto  to  Collingwood.  At 
Newmarket  it  stops  7  minutes  for  water,  and  two  minutes  after 
leaving  the  latter  place  it  meets  a  special  express  that  left  Colling- 
wood when  the  former  was  28  miles  on  the  other  side  of  New- 
market ;  the  express  travels  at  double  the  rate  of  the  other,  and 
runs  the  distance  from  Collingwood  to  Newmarket  in  l£  hour  ; 
and  if  on  reaching  Toronto  it  returned  at  once  to  Collingwood, 
it  would  arrive  there  three  minutes  after  the  first  train  ;  find  the 
distance  between  Toronto,  Newmarket  and  Collingwood. 


FIBST  CLASS  TEACHERS,  1877. 
XXIV. 

(/X-\-1/\2  }    (/£-}- 2\2  "I    (/W-M\2  \ 

1.   Simplify] I-  -1  +1         4-1  M  +  1 

*     J  [\x~yJ  J  (\x  —  zl  }  (\y-zj 


ax+m ' -f-1  t      ax-\-n  ax  +  m         ax+n4- 

2.   Solve  (I. 


(2.)  rr+ 

8.  A,  B,  and  C  start  from  the  same  place  ;  B,  after  a  quarter 
of  an  hour,  doubles  his  rate,  and  (7,  after  walking  10  minutes, 
diminishes  his  rate  one-sixth  ;  at  the  end  of  half  an  hour,  A  is  a 
quarter  of  a  mile  before  J?,  and  half  a  mile  before  (7,  and  it  is 
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observed  that  the  total  distance  walked  by  the  three,  had  they 
continued  to  walk  uniformly  from  the  first,  is  6£  miles.  Find 
the  original  rate  of  each. 

4.  (1)  Investigate  the  relations  that  must  exist  between  the 
constants  in  order  that  Ax^+By^+Cz^  +  ayz  +  bxz+cxy  shall  be 
a  perfect  square. 

(2)  Find  the  conditions  that  the  values  of  x  and  y  derived  from 

«3        /,2 

the  equations  ax-\-by-  —  +  —  =  c2  maybe  rational. 

5.  If  x~+px+g  and  x2+mx-}-n  have  a  common  factor,  then 
will  (n  —  q):i-t-n.(m-p)*=m(ni—p)('n-q). 

6.  Prove  (am)n  =  amn,  whether  m  and  n  be  positive  or  negative, 
integral  or  fractional. 

-1       I  a.   l  i 

Show  that  (x^+x1*)™  =  x™  +  n  x  (xm~n  +  xn~m}^ 


Lf$n(an-b»- 
of  these  fractions  =  ---  (an  +  bn+cn-\-dn). 

8.  If  x  be  very  small,  show  that  — 

s)* 

T—  =  2  -  Ax,  very  nearly. 


9.  Prove  that  l-n»+--     >22---  _i_.=s 

10.  If  a  debt  $a  at  compound  interest  be  discharged  in  n  years  by 
annual  payment  of  $—  ,  show  that  (l-f-r)n(l  —  mr)  =  1,  where  r 
is  the  interest  on  $1  for  a  year. 
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11.  Solve—  (1.)  3z2-  2^  =  55. 


1  8      3      J>  +  ,  1 

(8)  a*b*xq  -la  b'~x^  =  (a-b)2xp 


FIEST  CLASS  TEACHERS,  1878. 


XXV. 


1.  Simplify    y^L±_\_:L_      _ 

y  ^    x      ^a  +  J          \  '  a    .      *  x!        a(a-x] 


and 


x  b       b%       b       W 

2.  Divide  --1  _-_-+-+_  by  *_«; 

shew  that  (-9«2)=i{ 


- 

'  If  ^=7=Tand^+P+^= 

m2     ?i2      r2     m2-; 


4.  Find  the  relations  between  the  roots  and  coefficients  of  the 
equation  ax2-)-bx-}-c  =  0. 

If  m  and  w  are  the  roots  of  the  equation  ax2  +  fce-f  c  =  0,  show 
that   the   roots   of  the   equation   acx-  +  (2ac—  b2)x+ac  =  Q   are 


m          n 

—  and  — 
n  m 


5.  Solve  the  equations  : 
(1) 
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6.  Two  men  start  at  the  same  time  to  meet  each  other  from 
towns  which  are  28  miles  apart ;  one  takes  five  minutes  longer 
than  the  other  to  walk  a  mile,  and  they  meet  in  four  hours.    Find 
each  man's  rate  per  hour. 

7.  If  P,  Q,  R  be  respectively  the  pth,  #th,  rth  terms  of  a 
shew  that 


128 

Sum  to  infinity  the  series  — -f  — --f— -f  &c. 

x      x2     x2 

8.  Find  the  amount  of  $  P  at  compound  interest  for  n  years,  r 
being  the  interest  on  $1  for  one  year. 

Supposing  $j)  to  be  withdrawn  at  the  end  of  each  year,  what 
will  be  the  amount  at  the  end  of  n  years  ? 

9.  Determine  the  number  of  combinations  of  n  things  taken  r 
together. 

The  number  of  combinations  of  n  things  taken  two  together 
exceeds  by  6  the  number  of  combinations  of  n—  1  things  taken 
two  together  :  find  n. 

10.  (1)  Find  the  limit  of  ( I  -f  -})*  when  x  increases  without 
limit. 

(2)  Find  the  (r-fl)th  term  in  the  expansion  of  (S-5x)    '. 

11.  Determine  the  limits  between  which  lies  ^  2_i_o  _Ti  f°r  a^ 
possible  values  of  x. 


FIRST  CLASS  TEACHERS,  1879. 

XXVI. 

7.    Prove  that   2{(«  -  b}7  +(6-c)7  +  (c_  «)*}  =7(a-fe)(6-c) 
(c-a){(a-b)*+(b-c)*  +  (c-a)4\. 

2.    Extract  the  square  root  of  ub  —  2ai/(ab—a2),  and  find  the 
simplest  real  forms  of  the  expression 

V     1). 
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3.  Solve  the  equations  : 
(1). 
(2). 


z+  y-   z=c. 
(3).    /( 

4.  Prove  that  the  number  of  positive  integral  solutions  of  the 

c 
equation  ax+ky  =  c  cannot  exceed  —  r  +  1. 

In  how  many  ways  may  £11  15s.  be  paid  in  half-guineas  and 
half-crowns  ? 

5.  If  xy  =  ab(a-{-  6),  and  x9  —  %y-i-y2  =as-\-bs,  shew  that 

lx     y\  lx     y\     o 

IT-TJ  \T-T]  = 

6.  Given  the  sum  of  an  arithmetical  scries,  the  first  term,  and 
the  common  difference,  shew  how  to  find  the  number  of  terms. 
Explain  the  negative  result.     Ex.  How  many  terms  of  the  series 
6,  10,  14,  &c.,  amount  to  96  ? 

7.  Find  the  relation  between  p  and  q,  when  x*+px  +  x  =  Q  has 
two  equal  roots,  and  determine  the  values  of  m  which  will  make 
a2+max-\-a2  a  factor  ofx^  —  axs+a2x2-a3x-\-a4'. 

8.  In  the  scale  of  relation  in  which  the  radix  is  r,  shew  that 
the  sum  of  the  digits  divided  by  r  —  1  gives  the  same  remainder 
as  the  number  itself  divided  by  r  —  1  . 

9.  Assuming  the   Binomial  Theorem  for  a  positive   integral 
index,  prove  it  in  the  case  of  the  index  being  a  positive  fraction. 

Shew  that  the  sum  of  the  squares  of  the  co-efficients  in  the  ex- 
pansion of  (I+x)n  is  |??L-H|jL)2»  n  being  a  positive  integer. 

10.  Sum  the  following  series  :  — 

(1.)  l  +  3x-{-5x2+7xB+&c,  to  n  terms. 

(2<)   3  x  "8+8~xT3+  &C>  ion  terms' 
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II.   Shew  that 


be,          -  ac,  -  ab 

62  -c3,  a*  +  2ac,  -a*  -  Zab 
c3,  c3,       (a+6)3 

abc(a-{-b-{-c). 


is  divisible   by 


FIEST  CLASS  TEACHEES,  1880-^GKADE  C. 


XXVII. 

1.  If  in  ax2+2bxy+cy2,  ku+lv  be  substituted  fora;  and  mu+nv 
for  ?/,  the  result  takes  the  form  Au2  +  2Buc  +  Cv*.   Find  the  value 
of  (B2  -AC)-i-(b2—ac)  in  terms  of  k,  I,  m,  n. 

2.  Resolve  a(b— c)3+6(c  —  a)8+c(«  -6)3  into  factors. 

Prove  that  -  =•  — 

wvM7  xyz 

3.  Extract  the  square  root  of 
(a-b)2(b-c)2+(b-c)2(c-a)2  +  (c-a)2(a-b)2, 

and  the  cube  root  of 


4.  Eliminate  x,  y,  z  from 

a        be 
ax+by+cz  =  l  ---  =  —  =  — 


+6 
5.  Simplify 


. 

Bnd    —  2     /  -*- 

in  which  j=  /(—  1). 

6.  Given  the  first  term,  the  common  difference  and  the  number 
of  terms  of  an  arithmetical  progression,  find  (i.)  the  sum  of  the 
terms,  (ii.)  the  sum  of  the  squares  of  the  terms, 
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7.  Solve  the  equations 
(i.)     (a-x)*  =  (x-b)*. 

a        b 
(11.)     ax+by=  —+—  =  1- 


(iii.)     xfy+z     )=a,y(z+x     )  =  b 

8.  What  value  (other  than.l)  must  he  given  to  q  that  one  of 
the  roots  of  x2  —2x-\-q  =  Q,  may  he  the  square  of  the  other. 

If  a,  b,  c  are  the  roots  of  #3  —  px2+gx  —  r,  express 


2ab  +  2& 
in  terms  of  jt?,  #  and  r. 

9.  A  vessel  makes  two  runs  on  a  measured  mile,  one  with  the 
tide  in  m  minutes  and  one  against  the  tide  in  n  minutes.     Find 
the  speed  of  the  vessel  through  the  water,  and  the  rate  the  tide 
was  running  at,  assuming  both  to  be  uniform. 

10.  Five  points,  A,  B,  C,  0  and  P  lie  on  a  straight  line.     The 
distances  of  A,  JB,  and  C,  measured  from  the  point  0,  are  a,  b, 
and  c  ;  their  distances   measured  from  the  point  P  are  x,  //,  z. 
Prove  that  whatever  be  the  positions  of  the  points  0  and  P, 


APPENDIX. 


SECTION  I. — ELEMENTARY  THEOREMS  ON  POLYNOMES. 
(See  page  39,  et  seq.) 

Theorem  I.  If  the  polynome/  (x)n  be  divided  by  a?  — a,  the 
remainder  will  be  f(a)n . 

D'Alembert's  Proof.  f(x)n  is  the  dividend,  x  —  a  is  the  divisor  ; 
let/^x)71"1  be  the  quotient,  which  is  necessarily  a  polynome  of 
degree  n—  1,  and  let  R  be  the  remainder.  Then,  since  the  pro- 
duct of  the  quotient  and  the  divisor  added  to  the  remainder  re- 
produces the  dividend, 

f(xY=(x-a]fi(x)»-*+R. 

But  R  does  not  contain  x,  hence  it  will  remain  the  same,  not 
merely  in  form  but  in  actual  value,  whatever  value  be  given  to  x. 
Take  the  case  x  =  a,  then  (x—a)fl  (a;)""1  vanishes  for  its  factor  x — a 
does  so,  hence  R=f(a)n .  Thus  the  remainder  is  the  value  of  the 
dividend  when  x  has  the  value  which  makes  the  divisor  vanish. 

It  has  been  objected  to  the  above  proof  "  Division  can  be  per- 
formed only  when  there  is  an  actual  divisor,  therefore  in  assum- 
ing R  to  be  the  remainder  off(x)n  -±-(x  —  a)  it  is  assumed  that  x  is 
not  equal  to  a,  and  although  R  will  remain  unchanged  for  all 
values  of  x  that  fulfil  this  assumption,  it  cannot  thence  be  inferred 
that  it  will  do  so  if  the  contradictory  assumption  be  made.  In 
such  case  the  only  legitimate  conclusion  is  that  there  being  no 
divisor  there  is  neither  quotient  nor  remainder.  Therefore, 
although  f(a)n  may  be  the  remainder  in  the  case  in  which  x  is 
not  equal  to  a,  yet  the  above  argument  does  not  prove  it."  This 
objection  confuses  arithmetical  or  numerical  division  with  alge- 
braic or  formal  division,  division  by  a  definite  quantity  with  divi- 
sion by  an  undetermined  or  variable  quantity.  The  following 
proof  does  not  involve  the  assumption  x  =  ay  and  consequently  is 
not  open  to  the  foregoing  objection. 
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Lagrange's  Proof.     Lemma,     of  —  an  is  divisible  by  x  —  a,  if  n 
be  a  positive  integer. 

xn  -  an  ^-i_ftn-i 

By  actual  division   -  -  =  xn~l  —  a-  - 

x-a  x—a 

:.   xn  —an  is  divisible  by  x—  a  if  xn~l  —  an~l  is  so  divisible, 
hence  xn~l  -  a""1       "         "  x  —  a  "  xn~2  —  a^-z  .... 
Thus  we.  can  reduce  the  exponent  unit  by  unit  until  at  last  we 
arrive  at,  x2—a2  is  divisible  by  x—  a  if  x—  a  is  so  divisible.   But 
x—a  is  certainly  divisible  by  itself,  /.  x2  —a2  is  divisible  by  x  —  a, 
:.  x3  —a3  is  also  divisible  by  x  —  a,  :.  so  also  is  x*  —  a*  and  thus 
we  may  go  on  to  any  positive  integral  exponent  whatsoever. 

Theorem.     Writing  f(x)n  in   polynomial   form   arranged  in 
ascending  powers  of  x, 

f(x)n  =  A0+ 


+An(xn-an). 

But  every  term  of  this  polynomial  is  divisible  by  x  —  a,  and  the 
highest  power  of  x  in  the  quotient  is  a;""1  got  from  the  term 
An(xn  —an),  so  the  quotient  may  be  represented  by  /!  (as)*"1, 


Theorem  II.     If  the  polynome  f(.«)n  vanish  on  substituting 
for  x  each  of  the  n  different  values  aL,  «3,  «3,  .  .  .  .  an  , 

ih^f(x)n=A(x-a^)(x~a2} (x-an), 

in  which  A  is  independent  of  x  and  consequently  is  the  coefficient 
'    '  in /(«)». 


Since /(»1)=0,  :.  f(x)n  =(x-al\fl(x)*-1.  In  this  substitute 
a,  fora;,  .*.  since/(«3)n  =0,  it  becomes  0  =  (a2  —al)/1(a2)w-1.  Of 
this  product  the  factor  a2  —a^  does  not  vanish  since  by  hypothe- 
sis «2  is  not  equal  to  al,  therefore  the  other  factor  fl(a2)n~1  must 
vanish  that  the  product  may  vanish,  and  consequently/^^)"-1  is 
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divisible  by  x  —  a2.     Let  the  quotient  be  denoted  by  /2(-c)"~2> 
f(x}n  =(x-ai)(x  —  a^)f2(x)n~'\     Substitute^  for  .<•  and  proceed 
as  before,  and  it  will  be  proved  that  x—as  is  a  factor  of  f(x/'  . 
Continuing  to  n  factors  we  get  a  quotient  independent  of  x,  since 
each  division  reduces  the  exponent  of  x  by  unity,  .•    finally 

f(x)n  =  A(x-al}(x-az]  .....   (x-an). 

Cor.     If  f(x)n  and  <p(x)m  both  vanish  for  the  same  m  different 
values  of  x,f(x)n  is  algebraically  divisible  by  q>(x)m. 

Let  alt  a2,  a3,  .....  am  be  the  m  different  values  of  x  for 
which  the  polynomes  vanish, 

.'.f(x)1t=(x-al)(x-a2)  .....    (x-am)  F(x)n~m 


which  is  an  integral  function  of  x  since  A  does  not  contain  x. 

Theorem  III.  If  the  polynonie  f(x)n  vanish  for  more  than 
n  different  values  of  a;  it  will  vanish  identically,  the  coefficient  of 
every  term  being  zero. 

Let  alt  a2,  as  .....  an,  an+1  be  n  +  1  different  values  of  x 
for  which  f(x)n  vanishes, 

.-.  f(x)*=A(x-al)(x-a9)(x-a3)  .....  (*-««) 

Substitute  «.w+1  for  a?,  and  since  f(an+l)n  =0, 

.-.  0=A(an+l  -  a^tin+i  —  a^)(an+i  -  «3)  .  .  .  .  (an+l  —  an  f 
But  none  of  the  factors  an+i  —  a^  an+i  —  as>  &c-  vanishes, 
.-.    A  must  be  zero,  or 

f(x)n  =0(x-al}(x-a2)(x-a3)  .....  (#-«„) 
and  the  factor,  zero,  will  be  a  factor  in  the  coefficients  of  every 
term. 

Theorem  IV.  If  the  polynomes  f(x)n,  <p(x)m  (n  not  less  than 
m)  are  equal  for  more  than  n  different  values  of  x,  they  are  equal 
for  all  values,  and  the  coefficients  of  equal  powers  of  x  in  each 
are  equal  to  one  another. 
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and  this  is  a  polynome  of  degree  n  at  most.    Buif(x)n  =<p(x)m  for 
more  than  n  different  values  of  x,  that  is  f(x)n  —  <p(x)m  vanishes 
for  these  values,  .-.  by  Theorem  III.  f(x)n  -  <p(x)m  vanishes  ideuti- 
cally,  and  the  coefficients  A  0  —  B0,  Al—Ul,  A2-B2,  ...... 

Am-Bm,  4mt2,  -4w+2,  .....  An  are  all  equal  to  zero, 


Note  to  Art.  XV  H.     To  find,  where  such  exist,  the  factors  of 

ax2+bxy  +  Cxz  +^J2  +  <im  +hz~. 
Multiply  by  4a 


Select  the  terms  containing  x  and  complete  the  square,  thus 
4a2x2+4:abx!j  +  4;acxz  +  b2i{2+(2bCxz 
-  (62  _  4ae)y2  _  2(bc  -  '2ac/)yz  -  (c2  - 


If  the  part  within  the  dmbls  bracket  is  a  square  say  (i 
the  given  exprcodio::  can  be  written 

(2ax+by  +  Cz)2  -  (my  +nz)2 

which  can  be  factored  by  [4]  .  Factor  and  divide  the  result  by 
4a.  If  the  part  within  the  double  bracket  is  not  a  square,  the 
given  expression  cannot  be  factored.  If  b  and  c  are  both  even, 
multiply  by  a  instead  of  by  4a  and  the  square  can  be  completed 
without  introducing  fractions.  If  e  is  less  than  a  it  will  be  easier 
to  multiply  by  4e  instead  of  by  4a  and  select  the  terms  containing 
y.  A  similar  remark  applies  to  h. 

This  method  can  evidently  be  extended  to  quadratic  multino- 
mials of  any  number  of  terms, 
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EXAMPLES. 

1.  Kesolve  x2  +xy+2xz  —  2?/3-{-7//z-8z2  into  factors. 
Multiply  by  4 

4z2  +  4.£//-f8//z-8>/24-  28//Z-  12z3 
Complete  the  square  selecting  ,  .  inis  in  x, 


.-.the  factors  are  (^  -|-2^/—  z)(x— 

2.  6rt2  -7a6+2'tc-2062-{-646 
Multiplyjby  4  x  6  =  24 
144a3  -  168a6  +  48^  -  480&2  +153Qbc  -  1152c2  ^ 


(  12«—  Ib  -f-  2c)2  -  (236  -  34c)  2= 


.-.  the  factors  are  3a4-46  -8c  and  2#— 
3. 


4. 

Multiply  by  3,  not  4x3,  since  the  coefficients  of  tho  other  terms 
in  a,  are  all  even, 
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Select  the  terms  containing  a  and  complete  the  square 

—  4962  + 


.-.  the  factors  are  a+46—  4c-|-4d  and  8a  —  26  —  2c. 
Work  Exercise  XXIX  by  this  method. 


SECTION  II. — INDICES  AND  SUEDS. 


The  general  Index-laws  are 


21        £_          m  4-  E 
»  .  a?   =  cm   '  « 


w  _  P 

n      «  (2) 


mm 


(a6)»       =  a  »  .  67*  (3) 


m  mm 


(a-f  6)"»  =  a~«  ^-fc""  (4) 

w     p  mp 

(a»)7    =  an<?  (5) 

The  law  connecting  the  Index  and  the  Surd  symbols  is 

<Tn  =  «/(a")  (6) 

[The  indices  i;  i,  i,  &c.,  are  generally  used  to  denote  '  either 
square-root,'  '  any  of  the  cube-roots,'  '  any  one  of  the  fourth- 
roots,'  &c. 

The  surd  symbols  y  ',  ^,  V,  &c.,  are  by  some  writers  re- 
stricted to  indicate  the  arithmetical  or  absolute  roots,  sometimes 
called  tke  positive  roots.  Thus 

\/4  =  2,  but  4*-  ±2,    /.4   =±v/4 
Also,  V{(-2)2}=  ^4  =  2. 

#  27  =  3,  but  27*  =  3  or  3/-         ^    /.  8*  =  (1*)  ^  27 


=  2,  but  16*=+  2  or  ±2;,  .-.  16i=(li)t/16, 
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With  this  restriction  the  general  connecting  formula  would  be 

m  m 

In  the  following  exercises  this  restriction  need  not  be  observer.] 

EXERCISE. 
1.  What  is  the  arithmetical  value  of  each  of  the  following  : 

86*,  27*,  16*,  32*,  4*,  8§,  27*,  64§,  32§,  64*,  81*.  (8|)*, 

I  \  |         -5         -2         -75 

(5iV)  .   (1A)  »  ('25)  t  C027)  ,  49   ,  32   ,  81 

•2.  Interpret  or2,  a°,  a**,  (a2)   \  a2     ,  a~*,  (a~*)-*,  a^,  a~*. 

3.  What  is  the  arithmetical  value  of 

86~*,  27~*,  (-16)~f,  (-0018)"*,  (±)~\  (A)"*,  (A)""1.  (6A)"* 

4.  Prove  (am)n  =  (an)m ;  (am)n  =  (an  )m ;  a~m  =  (a~l)m ; 
and  express  these  theorems  in  words. 

i    i    i    i      i     i     a    . i  111 

5.  Simplify  a  .a,  c.c,  m*  m    *,  n.n 


acrfe  «  a  3          _  ,1 

T  T  ^'  -T'  '=*'  (2§)  -(6|)f-(i) 

a       c      a  e         x 

6.  Eemove  the  brackets  from 


7.  Remove  the  brackets  and  simplify 
/  *-M,  *-M/  *-M       (*-»)»    ( 

)    (*  )   (*  )    ;    X  X 


a; 
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8.  Simplify  -x{x~(-x)-1},  x{(-x)~~(  -  a;)-s}~~, 

(-a;)      {x~*x      } 

9.  Determine  the  commensurable  and  the  surd  factors  of 

12*,  24*,  18""*,  (-81)*,   12f,  641,  (TV)§,  (Gf)"1. 

(The  surd  factor  must  be  the  incommensurable  root  of  an 
integer.) 

10.  Simplify 


{I      ,     /      o  Q\2\8  (     5          x      „  -2,3 

a  +(a3  -  a;3)   }     .   {a  —(a^—x3)  } 

Express  as  surds, 

I       f       8J       -i       -3^ 
11.  a  ,  ic  ,  p    ,   c      ,  h 


— n  +  §       .25       — n  +  L 

12.  x    ",  y  ,  a •     ,  6 

13.  (aa-tyS  («2-4z-fl)~4"  ,  (p-qx)1" 
Express  with  indices, 

y('i-fee)11-1,   V( 

16.  («1)1,  (i~*)§,  (c"*)"1,  (aj*)""*,  (fl^)"^,  (a-3ar"~*)~*f 

J  — i  14 
(*  y     )   • 

Simplify  the   following,   expressing  the  results  by  both  nota- 
tions. 
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17.    <t.a      ,  #°.#      ,  a   .a      ,  a.a      ,  a      '\/a,a  -^a2,a  *,/a 


o          8          ,         .  3,2         5          3  ,         2    2  , 

*     ,  rt    j/  #   l,  a  o  c       .  a  b      c  a, 


; 
a  b  c    .  a      b      c 


a       <t      y^    y^rf    f_y~^ 

18.     ~~T~'    VT~  '     o/   j       r»~'  i 

I/ a     -j7«      fr<s 


,         /  n- 
y  be-  c(ab) 

1  _  1  3  _  3  Fn  8n 

"~ 


a   —a 


a   —a  a   —a  a      2  -fa2 

,       1      ^      t       §  §       I  ,     xs      i  4  ,    i 
20.  Divide  ic-?/  by  a;'1  —  yn\  x  +a  x  -\-a  by      -t-a  ^  +a  ; 

0-  4  *  J  ,      i      i  '   4i 
x+y+z—oxyz    by  x  +y  +z 

2«6+2A,-4-2ca-a»-62-c2  by  a  -f^+c* 
EXERCISE/' 

1.  Express  the  following  quantities  i.  as  quadratic  surds,  ii. 
is  cubic  surds,  iii.  as  quartic  surds. 

a,  3a,  2a2,  a*x,  x*  >  y\  <rm,  -,  WUP""P,  •!,  «01,  Ma3. 

>J 

2.  Reduce  to  entire  surds, 


:;  /  /?/  \      a*  3  /  /?/  \  2     a2          2-1 

-\  r  '  -  V        '  —  ^(«  ?/    ), 
/     Up  /     ?/  *  \#  /       y 
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3.  Reduce  to  their  simplest  form 
1/12,  /S,  i/50,  f  16,  4f'-250, 


2a;-M      |/3.i;8-^6a;8+8a;\    I  /(g»-fl6)8 
a;-1   /  N  \27*2  -f  18^  +  3  N  \  "a 


4.  Compare  the  following  quantities  by  reducing  them  to  the 
same  surd  index  : 

2  :  V3  ;  2  :  ^9  ;  j/2  :  ^3  ;  y/10  :  ^30  ;   2^2:  ^22  ; 


5.  Eeduce  to  simple  surds  with  lowest  integral  surd  index 


6.  In  the  following  quantities,  combine  the  terms  involving  the 
same  radical  ; 

3/2+51/2-7^/2; 


-  21/(8a;)  +  1/(4a:)  -  V  (8a;)  + 
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7.  IQ  the  following  quantities,  perform,  as  far  as  possible,  the 
indicated  multiplications  and  divisions,  expressing  the  results  in 
their  simplest  forms  : 


;  (a2  - 


\/3  ;  i/(6aj)  ^ 
an~m  ; 
(a:2-l)--1^(a:-f  I)2  5 


(5v/3+N/6)(51/2-2); 


-a)}  ; 
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{V(VlO-fl)-N/(VlO-l)}2; 


(Va 


8.  Find  rationalizing  multipliers  for  the  following  expressions, 
and  also  the  products  of  multiplication  by  these  : 


\/(a-x)  -  V(a+x),     V(a2  +  Vc)  -f  V(a3  -  Vc), 
V{8  +  V(24+V5)}-V{8+V(24-V5)}, 
8+V2+V7,  V6+V5-V3-V2, 


,  S(ab~i)-J(a-*b), 
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9.  Rationalize  the  divisors  and  the  denominators  in  the  follow- 
ing, and  reduce  the  results  to  their  simplest  form: 


(l/84V2H-(^8-j/2), 


2V6  1  +  3/2-2  y/3 


v/6-1/5-1/3+v/2  2 

^3-^2'    |/(a  +  l)-  V  («-!} 

2c  a+g+^+a;8 


^/(x  -t-  a)  +  V  (a:  -  a 

/a+a;\          \la~x\          \i-+Jx        [ 
\«-aj/      N  \«-f  */  f    Na  -  V^'    N 


aa-l)     V^ Vy 

/ §    j I    •  " 

Vx     Vy     Vx     vet 
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10.  Find  the  values  of  the  following  expressions  for  n  =  l,  2, 
3,  4,  5,  respectively. 

1 


. 


2x/6 
11.  Show  that 


is  a  square  for  n  =  1,  2,  or  3  respectively. 
12.  Extract  the  square  roots  of 


5-2^6,  10+2  v/21,  9+4  v/5,  4-v/15,  7+4^3, 
12-5^6,  70  +  31/451,  4-^/15, 
9  +  21/6-+4(l/2+v/3),  15.25-5v/.6. 
13.  Find  the  value  of 

(a+b)xy  a\/a 

and      = 


x/(#2+?/2)>  given  x  — 
x+  V(i 


glven  *  ==  * 

a;       .  2ab 


M£) 


glven  *  = 
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U.  If 


.    Q.      r, 
15.  Simplify  f£, 


COMPLEX  QUANTITIES. 


Quantities  of  the  form  a  +  bV  —  1  in  which  neither  a  nor  6 
involves  \/  —  1,  are  called  complex  quantities.  The  letter  j  (or  f) 
is  frequently  used  as  the  symbol  of  the  ditensive  unit  V  —  1,  so 
that  a  +  b'i/  —  l  would  be  written  r/  +  y.  So  also  V—x=jVx, 
1/-x.V-y  =j2  V  (xy)  =  -  Vxy,  and  j  3  =  -j 

EXERCISE. 

Simplify  the  following,  writing,;  for  vx  —  1  in  any  result  in 
which  the  latter  occurs  : 

1.   v/~4,  |/  -86,    i/-81,    V-8,    v/-12,    i/  -72,    jf-8, 


V-5.V/-20. 

2.   /-as,    /-aJ3,    V~^^     V 
i/  -ay  a*,      V 


Q      0'2       /3      n4      «5      o9      I*15      I16       -I17       I18      -/4re      ^n+l      «4n+2      0'4n 
0'J>JiJiJ*JiJ        >  J        i   J        >  J        i  J       i  J  >  J  >^ 

4-  qj.ly,  j^x-Ji/y,  fy,  j'2\/5,  j\/-a,  Ji/-a2,  Ji/ay  -a. 


V  —  6  A/  —  6         j/6  |/'a         |/     a  1 

"Vs  '  7^8*    i/^'    i/^'    >7^6J    ^7=1* 

a  a2  i/  (-ax)        -  V  -  1  03 

/  '  /  9*  '          -  7  -  '          ~7T/  -  > 

V—  a  v  —  aj          ]/—  or  y—  a         -/_ft3 

-c  /- 
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7  -L  JL   JL  iL1  _L 

'  '  '     '     '     ' 


-y 


-* 


(a+bj)(c+ef),    {a+(a-l)j}a 


/-l+jV3\3     /-1-/V3^     /i+;y     ,j  _  y 
'V        2       /'I        2        /  '    V72/  '    1"V2"J 


for  all  positive   integral  values  of  n. 

9         4  64  21  5  1-2Q/V/5 

'  '  '    4j+3;V6'    V2+JV3'     7-2;Vo"' 


1+J3     I-./3      1  -j«       M-J3     ^  +  //j 

I-/       l+j"       I-.;1     (l+j)3'        1^'     x_.yf 


jVa  +  V  —  b     a  —  bj     a+jy(l—x2) 
V  —  a—jVb'    aj+b*    a-jV(l  -a;2)' 
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1  1        x  +  yj    *  -  yj 


x  —  yj     Vx  +jVy     Vy  +j  ^ 


a  -\-bj~~a  —  b      Vx  —  jVy     +/y  —jVx' 

+  a) 


10. 


v/(21/15-f-3°j)ihv/(2\/15-30j), 
^(v/S-hjVlOS)^  Vd/3-^V  105), 
V7  {a  ^V(a:2  -  «2)}  ±  v/  {a  - 


11.  Prove  that  both  i(-l-K/y3)  and  i(-l  -jV8)  satisfy  the 

«3-l 
equation          ^  =0, 

that  (;«4-»v/  +  ^2z)3=a;3-H</3+23+3(a;4-M'2/)(2/-f  ^)(«4-^) 
and  that  (x+y-\-z)(x+wy-\-\v2z}(x+wzy+wz)  = 
a;3-|-?/3+z3  —  3x^/z,  in  which  u;  represents  either  of  the  pre- 
ceding complex  quantities. 
Hence,  prove  that 
(i)   {2a-/)- 


(ii)  M3  4-  v3  +tt;3  —  3Mvw  =  (a3  + 
(z34-?/3  4-23  -3xyz),  if  u  = 
tv  =  az  +  bx  +  cy,  or  if  w  =  aa;+c?/  +/>«, 
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12.  Prove  that  J  {^5  +  1+j  y  ^0-2^5)}  satisfies  the  equati 

iC5  +  l 

£+r=°- 

Writing  w  for  the  preceding  complex  quantity,  prove  that 
(7  + 
and 


Prove  that  {±a  +  (b  -  c)(v/  5  -  l)  +  (b+c)jv'(10 


x      5- 


SECTION  III. — PURE  QUADRATICS. 


EXAMPLES. 

1+8(«  -  6)  _  «r(3a?  -f-  9«  -  76) 
x  ~§(a  -  b)  ~ 


Apply,  if  -  =  A  /. 


Dividing  the  denominators  by  8(«  — 


-  9«-f  3& 


A    i    •*  _  ~ 

Apply,  it  —  =  —  ,   /.  —  —  =  —  -  t  an5  factor  the  numerator 
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+  a  +  &)(«_-  b)  _    12Q-6) 

~~  -96* 

(a-ft) 

~ffii  by    taking   diner- 

-    —  J 


ence  of  numerators  and  difference  of  denominators.     To  the  first 
and  third  of  these  fractions,  apply  if 
m         >  m 


n         q  n  —  mq—p 

+  n  +  b         3(a  —  b] 


x2  ~a-b 

3x2-l 
8_a?» 

8(a 


4.  m>/(l+a;)-WA/(l-a;)=  >/(?w2+?i3)  (1) 

Square  both  members  and  reduce 

/.  (m2-?i2).r-2mwv^(l—  x-2)=0.  (2) 

Transfer  the  radical  term  and  square  both  members, 

.-.  (m2—  n2)2a;3=4m27z2(l  -a;2)  (3) 

(4) 


*=  ^r+-^-  (4) 

The  above  follows  the  usual  mode  ol  solving  equations  involv- 
ing radicals,  viz.,  make  a  radical  term  the  right-hand  member 
gathering  all  the  other  terms  into  the  left-hand  member,  square  each 
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member,  repeat,  if  necessary,  until  all  radicals  are  rationalized. 
This  method  is  convenient  but  it  does  not  explain  the  difficult} 

-j-  2  m  .11 
that  only  one  of  the  values  of  x  in  (4)  satisfies  (1)  viz.  -^qrr.,1 

The  other  value,  —  jTYTlj  satisfies  the  equation  % 


The  explanation  is  simple.     Squaring  both  members  of  (1)  is 
really  equivalent  to  substituting  for  (1)  the  conjoint  equation 


{mV(l+a?)-hW(i-s)  -  V(m2  +  w2)}  =0  (5) 

which  reduces  to  (2)  above. 

Treating  (5)  or  (2)  by  transferring  and  squaring  is  equivalent 
to  substituting  for  it,  the  equation 


»»+»*)}  =0  (6) 

which  reduces  to 

^(W2  —n*)x  —  2mnV(l—  x2)}  {m*  —  n2)#-|-2wra  \/(l  —  x2}  — 0       (7) 

which  further  reduces  to  (3) 

Thus  the  whole  process  of  solving  (1)  is  equivalent  to  reducing 
it  to  an  equation  of  the  type  A  =  0  and  then  multiplying  the 
member  A  by  rationalizing  factors.  Thus  instead  of  solving  (1) 
we  ?really  solve  (6),  i.e.,  a  conjoint  equation  equivalent  to  four 
disjunctive  equations.  (See  page  140,  Art  xl  )  Now  the  values 
given  in  (4)  will  satisfy  (6),  the  positive  value  making  the  first 
factor  vanish,  the  negative  value  making  the  third  factor  vanish, 
while  no  values  can  be  found  that  will  make  either  the  second  or 
the  fourth  factor  vanish. 
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Hence,  if  one  of  such  a  set  of  disjunctive  equations  is  proposed 
for  solution,  the  conjoint  equation  must  be  solved,  and  if  there  be 
a  value  of  x  which  satisfies  the  particular  equation  proposed, 
that  value  must  be  retained  and  the  others  rejected. 

(This  process  is  the  opposite  to  that  given  in  Arts.  XL.  and 
XLV.  :  there  a  conjoint  equation  is  solved  by  resolving  it  into  its 
equivalent  disjunctive  equations.  The  two  processes  are  related 
somewhat  as  involution  and  evolution  ai  e)  . 

Further,  it  should  be  noticed  that  just  as  there  are  four  factors 
in  (6)  while  there  are  only  two  values  in  (4),  it  will  in  general  be 
possible  to  form  more  disjunctive  equations  than  there  are  values 
of  x  that  satisfy  the  conjoint  equation,  and  consequently  it  will 
be  possible  to  select  disjunctive  equations  that  are  not  satisfied  by 
any  value  of  x,  or,  in  other  words,  whose  solution  is  impossible. 

This  will  perhaps  be  better  understood  by  considering  the  fol- 
lowing problem. 

Find  a  number  such  that  if  it  be  increased  by  4  and  also  dimin- 
ished by  4  the  difference  of  the  square-roots  of  the  results  shall 
be  4. 

.Reduced  to  an  equation  this  is 

vV-H)-i/(*-4)  =  4  (8) 

Rationalizing  this  becomes 


v/(a;-4)}=0     (9) 
which  reduces  to 

{24-8i/(a?+4)}  {24+81/(a:+4)}  =0 
i.e.  9-(#+4)  =  0,  orx  =  5. 
Now  x  =  5  satisfies  (9)  because  it  makes  the  factor 


vanish  and  it  is  the  only  finite  value  of  x  that  does  satisfy  (9),  or, 
in  other  words,  there  are  no  values  of  x  which  will  make  any  of 
the  factors 
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4),  4+  V( 


or  4+  \/(.e+4)-v/(a;-4) 

vanish.     There  is,  therefore,  no  number  that  will  satisfy  the  con- 
ditions of  the  problem. 

[It  will  be  found  that  as  x  increases,  j/(x4-4)-  ]/(#—  4) 
decreases,  hence  as  4  is  the  least  value  that  can  be  given  to  x 
without  involving  the  square-root  of  a  negative,  the  greatest  real 
value  of  j/(cr+4)  —  \/(x  -4)  is  -j/8  which  is  less  than  4.  We  see 
by  this  that  our  method  of  solution  fails  for  (8)  simply  because  (8) 
is  impossible]  . 


5. 

!/{(«-»)(&+*)}-  V\(a+x)(b-x)}  (1) 

Collecting  the  terms  involving  i/(a  +  x)  and  i/(a-x)  respec- 
tively the  equation  becomes 

h/(a  +  x)-V(a-x)}{l/(b+x)+V(b-x)}=0  (2) 

This  is  satisfied  if  either 

l/(a+aj)--|/(a-a;)  =  0  (3) 

or  V(b  +  x)+V(b-x)  =  0  (4) 

The  rational  form  of  (3)  is  (a  -\-x)  —  (a-x)  =  Q  which  is  satisfied 
by  x  =  0  and  this  also  satisfies  (3). 

The  rational  form  of  (4)  is  (b  +  x)  —  (b—  x)  =  0  which  requires 
x=Q,  but  this  does  not  satisfy  (4).  Hence  the  second  factor  of 
the  left-hand  member  of  (2)  cannot  vanish. 

Therefore  the  only  solution  of  (2)  and  /.  of  (1)  is  x  =  0,  derived 
from  (3). 

6.  &(a+x)+p(a-x)  =  p(2a) 
Cube  by  the  formula  (u+v)*  =  u 


.'.    x  =  ±a. 
Botil  these  values  belong  to  the  proposed  equation, 
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The  rationalizing  factors  of 


are 

and  1/(a+^)-fw'-)if(a-^)-w1f(2a).    See  page  257. 

The  remarks  on  Ex.  4,  will  apply  mutatis  mutandis  to  equations 
>f  this  type. 


_ 
^{a+x}*  -^/(a2-x2)  +  ^/(a-x)2~ 

Assume  -f/(a-\-x)  =  u  and  -f/(a  —  x)  =  v 
.-.  u3-\-v3  =  2a  and  u3  —  v3  =  2x, 

u3  —  v3      x 


(3) 


Also  (1)  becomes 


ug  —  uv-\-v2 

U  —  V 

Multiply  both  members  by   — — 


u3—v*         u—v  x  u—v 


Again  adding  and  subtracting  denominators  and  numerators 
in  (3) 

u*+[v*   _c+l 
uy       ~  c  -  1 


Adding  and  subtracting  2  (denominators)  and  numerators  in  this 

S- 
8c— 


u*-2uv+v2       S-c  !u  —  v\2_   3-c 

=  °  ~"' 


iK2  3-C 

.*.  substituting  by  (4),  --  =  c3_ 
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Assume  u=y(x+a)  and  v  =  */(x  —  a),  and  (1)  becomes 

Also  u*-v*  =  2a  or  (u2  +  v2')(u2  -v2)  =  2a  (3) 

and  u*  +  v*  =  2x.  (4) 

From  (2)  and  (3),  (u-v)2(u2  -t>2)  =  4a-2c  (5) 

.-.  (2)x(5),  (it2-v2)2(tt2 -v2)2  or  (w2-v2)4  =  4c(2a-c)  (6) 

Also(3)2-h(6), 


Or 

Substituting  by  (4)  and  (6) 


EXERCISE. 

a-  b)(x-a 


4. 
5. 

+  (a-x)(b-x)(c+x)+(a-x)(b+x')(c-x] 
(a  +  x)(b-  x)  (c  -x)  =  5abc.  * 

6.  (a  +  x)(b+x)(c  +  x)  -f  (a+x)(b-+-x)(c  —  x)-\- 

4-  (« — #)(&  +  aj)(c+it)H-(«4-a;)(ft — x)(c — x)  +  (a — x)(b +x)(c — x) 


7. 
S. 
9.  9a- 


APPENDIX. 

ab  cd  x  —  a     x-\-a 


a+x     x+b  ax-\-b     cx+d 

1  £  .    -  =         ,  .  1  o  .         j    ',     =     ,     i  * 

a  —  #     ic  —  6  a-\-ox     c-\-dx 

a—x      1  —  bx  a—x       4—  x 

1  ^  _  ___  _  "I  F\          _  __  _  , 

'    \-ax~  b-x'  \-ax~\-bx 


3a-26+3ar_ 
" 


8a;-5a+4fc 


8a  — 

a+x  tt  +  6+a;  '    3a  —  6  —  3ic~  a 


>-*       3(a-b+x) 

AD. 


5a-b  +  x       2(2a  — 
26.    ~ 


~6-|-a;     a(a  +  5b-}-x)  x 

~ 


29. 


r-Sa-fas/ 

30.     I- 


7a-b+x\  2      lla  +  b-x 


I7a-b+x\  2  = 
>     \76  -a+*/     " 


' 
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QQ  (#+7'/+6)(y  —  a-j-b  x-5a  +  b 

(5x  +  3a  —  llb)(x-a  +  17b)~ 

/I      I    Q~    i 

31. 
35. 


t-  ^)       4 
-*»)       a 


f\  s*  i/V~'"^/il/\-1-  tt/;  t^ 


Q^      >-  x-  ,  -  -;i-v  (i—  a;*)       a 
o/ . 


38. 


39. 


— xa)      /> 

~^3)       a 

-1)       a 


40. 


-1)       a 


</(>2-t-i)-iy<>3-i) 

41. 
42. 
48. 
44. 
45. 
4G. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
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54. 


56. 


_-f  \/(ax}  _  x-_ 
-  i/(ax)  ~     a 


58 


ioa  —  &n  -\-  '&x 


26  -a 


60. 
61. 

62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 

72. 
73. 


-x)} 
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74.  p(a+x)  +  p(a-x)  =  pc. 

75. 

76. 

77. 
78. 
79. 
60. 
81. 


82. 
83. 


SECTION  IV. — QUADRATIC  EQUATIONS  AND  EQUATIONS  THAT 

CAN    BE    RESOLVED   AS    QUADRATICS, 


EXAMPLES. 


or  a,-3  +  (rt+6)aj  +  ab  =  +(a  —  b), 
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Write  a  —  b  in  the  form  (a—  x)-\-(x  —  b)  and  multiply  by  the 
denominator  of  the  left-hand  member, 


f(x-b)*V(x-b), 

a.)+  v/  (x-b)}  =0f 
.'.    (a  —  j;)  =  0,  or  x  —  b  =  Q, 
or   v/(a-a;)+V(aj-fe)=0. 
xl=a,    x^=b, 

The  equation  V(a  —  x)  +•  V(x  -  b}  =  0  has    no   solution   for  the 
sum  of  two  positive  square-roots,  cannot  vanish. 

The  solution  x  =  %(a-{-b))  belongs  to  the  equation 

V(a~x)-V(x-b)  =  0. 
ax-}-b     mx—n 
bx  +  a  ~  nx  —  m 

Add  and  subtract  Numerators  and  Denominators 
(a+b)(x  +  1) 


\x-lj         (a+b)(m-n) 

81  S-l 


=  *3  say, 


Square  both  members,  subtract  4  and  extract  the  square-root. 
n/a  —  x      .,/b  +  •*'' 
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a+b 


~~ 

Or  thus,  cube  both  members, 

a—  x  b+x       3 

/.    T  .  -  +  8c+—    -  =  c3 
b  -\-x          ^  a  —  x 


f(fe+a;)-(a-a;)|»  _c»  -  3c  -2_(c  + 

'    l(^  +  ^)  +  («-^)J  ~c3-3c;                  " 

2«-(«-6)     tfj-1  lc-2 

a  +  b       =c—  1  Nc  +  2* 

1_^3     Ci_i  ic_2 

(Prove  that  j^-.-  =  —  1  ^-^  if  2,  =  c±  V(c*  -  4). 

V(a-x)-V(b-x) 


'   Rationalize  Denom. 


V{(a-x)(b-x)} 


(a—b)  c 

{V(q-a;)-V(fc-a;)}a     a-  ft 

--"  • 


c 
Also  from  (A), 


a  —  b  - 
a-b 
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Multiply  (B)  and  (C)  member  by  member 

a-b 
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-H-2c) 

>J^ 


x2  +  20 
6.  a;*-4  =  - 


-12  =  0. 


Find  the  rational  linear  factors  of  the  left-hand  member  by  the 
method  of  Art.  XXVII.,  page  93. 


/.    »-    =    ,  or  a  +    =    ,  or  a;  +  ^+S  =    . 
The  last  of  these  equations  may  be  solved  as  a  quadratic  giving 

a.2  =  _i:±-2v/—  2, 
.-.  a;1=2,  «2  =  -2,  ar3 


N.B.  —  In  solving  numerical  equations  of  the  higher  orders,  the 
rational  linear  factors  should  always  be  found  and  separated  as  dis- 
junctive equations,  before  other  methods  of  reduction  are  applied. 
.Such  separation  may  always  be  effected  by  the  methods  of  Arts. 
XXVII.  to  XXX.,  and  unless  it  is  done  the  application  of  the 
higher  methods  may  actually  fail.  Thus,  if  it  be  attempted  to 
solve  as  a  cubic  the  equation, 


the  result  is  x=  {5  +  V  -  2}  +  {5  -  v  -  2}\  which  can  be  reduced 
only  by  trial.  The  left-hand  member  can  however  be  easily 
factored  by  the  method  of  Art.  XXVII..  and  the  equation  reduces 
to 


which  gives  a;  =  2  or  l±j/6. 


272  APPENDIX. 

7.  (z-2)7-z7+27=0. 

Factor,  (See  No.  20,  p.  89),  rejecting  constant  factors, 


.-.  x  =  0,  or  x  -  2  =  0,  or  x2  -  2x  -f  4  =  0. 
The  last  equation  gives  x—  1±V  -3. 

EXERCISE. 

Solve  the  following  equations  : 

1.   (x+a  +  b)3=x3+a*+bz.          2.  (^;-f  a  +  b)5  =xw  +  cr 

3.  (a—  b)x3  +  (b-x)a3  +  (x-a)b3=0. 

4.  (a-b)x2+(x- 

5.  (x-a)5  +  (a-b 

6.  (x-a)7  +(a-by+(b-x)7=:0. 

7.  (a3-^4-h(^3-rt)644-(63-iC) 

8.  z-aa-6a—  6  +  x-/>a;-c6- 


9.  =0.  10. 

-7-16  _  1 

11.     ^=0.  12 


13.  a;4+5^3-16x24-20a;~16  =  0.     (See  Art.  XXII.) 

14.  **-  3^3  +  63*+.  63+4  =  0. 

15.  (a;-«)4+x4  +  rt4=0.  16.    2^3  =  (a;-6)2. 

17.  ^-2)2(^+2)  =  2.  18.    (4^2-17)^4-12  =  0. 

19. 

20. 


21. 

22. 
24. 

26. 

27. 
29. 
31. 
33. 
34. 
35. 
3G. 

37. 
89. 


43. 
45. 
46. 
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+  5)3  =  150z+l. 

;-t-l)2.          23.    a 

25.    (, 

m  ( 
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=  3(2^-1)  2. 


m 


m 


(x*-l}2_     _rnL 
-lYi  =  ~ii 


n(n—m) 


4m2 


-  I) 


2m 


^-  1)     2»/i-w* 


m  +  n 


.3  — 


)Q  V  '  /  '  ^  '  / 

'    (x-l)(x^-l)~m-n 
ax  —  b 


40.    x*  = 


bx-a 


bx—a 


42.    x*  = 


50 


63. 
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47.  ^/(a3+.rS)-f  ^(a»-a?s)=  $/(a«-x«}*. 

48.  m(x  +  m~  n)(x-m  +  ln)*  =n(x-m+n)(x+lm-ri)* 
49. 

50. 


55.     frrf-f     ~=c.        50. 


59.      y?7£  +  V>'-=c.          60.    V'~*-Vb- '-, 


61     nS+Vjr;-*       62-  ^H-Vj  :!="• 


=  c. 


{^(a-*}+V(b-*)} 

OOt  7T  \  rr;          ^     =C 


=  C. 


V(«-*)-  -/(&-*) 
^(a-^+VCa?-^ 
: 
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•\/(a— x)5—  V(x—l>Y 
68.       , "  "/7~    ,.\       //~__  TiVl  5  =c* 


(ab 

70'      "~" 


71. 


73.     f/^- 

74     V(^:_ 


iC-6") 
_„  tv  v    V"11        •"/    '    "K    V^     _    / 

l/T^-^+i/l*-"''!" 


76 

x-c 


77 

78. 
79. 


80. 
81. 

82.   l» 

83>    f/(a_ 

84.   ^  (a- 
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85. 
86. 

87. 


88     -  - 


89. 
90. 
91. 
92. 

93.  (a-x 

94.  4a 


96. 

97. 

98.  {T^ 

99  {f/^ 

100.  f/(a- 

101.  J/(«- 

102.  &(a- 

no       (^Z 

(a- 

(ft- 

" 
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107.  (a 

108.  (a 
109. 
110. 
111. 
112. 


SECTION  V. — QUADRATIC  EQUATIONS  INVOLVING  TWO  OR  MORE 

VARIABLES. 


X2l/+X1/2=C.  II. 

I  +  2IL  .-.  (x+y)3=a  +  2c 

*/r..  ,  o_\      (Any  one  of  the  three  cube-roots).     III. 
2_j_*,2  a 


c  x-\ryl          a+2c 


Also 


(Not  any  one  of  the  six  sixth-roots  of  «+2c  may  be  used  indiffer- 
ently in  the  denominator,  but  only  any  cube-root  of  whichever 
square-root  of  «4-2c  is  used  in  the  numerator.  Thus  if  the  radi- 
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cal  sign  be  restricted  to  denote  merely  the  arithmetical  root,  if  k 
be  defined  by  the  equation  k2  -  A:-fl  =0,  and  if  m  and  n  indicate 
any  integers  whatever,  equal  or  unequal,  the  value  of  x  may  be 
written 


2.       8x2 

Ux*  -8xy  +  5y2  =  18(ar  +  y)  II. 

1st  Method.     Eliminate  (»+y). 

-  7'2xy  -f45</2, 


.-.  x  =  ^y  or  -2?/. 
Substitute  these  values  for  x  in  Is 

.«.  72^/2  =  360z/  or  45//2  =  -9«/ 
.\  2/  =  0,  or  5,  or  -£, 
and  «  =  0,  or  3,  or  f. 

2nd  Method.     Take  the  sum  of  the  products  of  I.  and  II.  by 
arbitrary  multipliers  k  and  I, 


III. 

Determine  k  and  I  so  that  the  left-hand  member  of  III.  may, 
like  the  right-hand  member,  be  a  multiple  of  x-\-y.     This  may 
be  done  by  putting  x  =  —  y  in  III.  from  which 
16A;  +  24/  =  0,    /.    2*=  -82 
.-.    if  jfe  =  8,.  /=-2. 

Substituting  these  values  in  III.,  it  becomes 


or 

:.   either  x  +y  =  0,  or  2x  —  y  -  1  =  0, 
;.    y=  —  x,  or  2jc  —  1. 
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Substituting  these  values  for  y  in  L,  it  becomes 
16^-2=0.  or  10a;a-7a;  +  3  =  27a;-9, 
.-.  x  =  0,  or  3,  or  |; 
and  y  =  Q,  or  5,  or  —  ^. 


II. 

a?*-a?8y  +  a;-84 

2 


Write  z  for  -          9  and  k  for 


z  k  1 

-^=^ — j^>  •'•  «  =  fcor— TT. 


a^>  «2+62 

Or-^r' 


,;.  ,    ;,,»  «r 


II.,      .-.     xy  =  ab9OT  («2+^)FZ  IV. 


.  -  3IV.)  and  x  -  y  =  ±  (a  -  b), 


or 
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=  +  b  ;   ±a  or 


Put  z  = 

as-f<3'  l-2z2    '       b 


^ 


/>.  II. 


r  say. 


III.     .-.  fw^J=2££Zi}  MM2f^-6-?j2_  a, 
1       6+r        J  Iv6+r/     I      6  +  r     j 


/.      a; 


10 


a 'i 


(b+r)5 

~^i 
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in  which  r=  ±7  (8a2  - 

The  value  of  y/  may  be  derived  from  that  of  x  by  the  first  form 
in  IV. 


x.l.—y.Ii.     x5  —y5  =a(x2  —  y'2) 
y.I.-x.Il.     xy(x*-y3)  =  b(x*-->/2), 

either  x—y  =  0  from  which  x—/j  =  0,  or  ^(ct  —  b)  III. 

or     a;4+x-3//-H^-2//3  4-*»/3+2/*  =  rt(^+y)  IV. 

and  a^/U-2  +«//  +  ?/2  )  =  b(x-\-y)  V. 

(IV.+V.)  (*+y)8(a:8+^2)  =  a-H  VI. 

V.  ***-*a  -H22=4ia:H-  VII. 


~ 

X. 


iu  which  f  =  v/{(^+^)3+4//-}.  IX. 

J.  VII.  -H  VIII.),   .-. 


X. 
XL 
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and  y 

in  which  *=  v>2 
6.     x*~-  c*= 


.  m. 

I.  4-  II.  ^44=m 


.'.     (8m 

:  ~~  IV. 

II.  &  III.         (^-l)4(^-2/)4  +  16c*  =  16w(^-2/)4 
__    2c 

^"^{len^ri^-  v. 

and 


,'.     X  = 


- 
y~l/{16»-"(^IIi)4y'  and  the  value  of  »  is  given  by  IV, 

7.     aj"+8 


and 
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Let  u  =  x+y  aud  v  =  xy,  and  the  equations  become 


Eliminates,  .-.  us  —  (2w+w 


.•.  w2  —  ra=±:(m<—  m), 

.-.  w  =  n,  (the  value  w  =  0was  introduced  by  the  multiplica- 
tion. by  w), 

or  w3  -\-nu  —  2m  =0, 


-?/i    or 
.-.  u  and  v  are  completely  determined. 

Also 


If  m  =  7  and  w=  5,  the  above  equations  become 

x?  +y*  =  13,  and  x*  +?/3  =  35. 
Solving,  as  above,  gives 
w  =  5,  or  2,  or  —7, 
2y  =  12,  or  -9,  or  36, 
.*.  x+y  =  5,  or  2,  or  -7, 

je-2/=  ±1,  or  ±\/22,  or  ±Ji/23. 
.-.  a;  =  8,  2,  i(2±^22)  or  ^(-7±jV23); 
y  =  2,  3,  i(2+v/22)  or  i(-7TJ 
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8. 


Testing  this  for  rational  linear  factors  it  is  easily  reduced  to 


?=±  ori(-l±4i/2). 


l  ;  II. 

4.  III. 

Let  s  =  #+?/  +2  and  the  equations  may  be  written 

.(*  +  aj-2y)«  =  9  IV. 

(«+y-2«)s  =  l  V. 

(«-8«)»  =  4.  VI. 

IV.-f  3.V.      (4s-He-h/-62)s  =  12,  or  (5s-7z)s  =  12  VII, 

3.VII-7.VI.     {(16*-21s)-(7«-21«)}«  =  8, 

.-.  8s2  =  8,    ..  s=  ±1. 
Substituting  in  I,  II.  and  III.  they  become 


10 

M«+v   =6; 


a?M  +  yv  =  e. 
Let    t—xy—wv. 
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Also 


=  0, 


••      =  "  (o—  6)2--4«a 

11.  ay  =  ttv  I. 

a  II. 


C5  IV. 

Let  «+y  =  i(«+2).   •'•  w+y  =  i(a-*)-  V. 

Also  let  r  =  xy  =  uv  VI. 


)  VII. 

Also    (x+y)5  =x5+ 


VIII. 
Eliminating  r  between  VII.  and  VIII, 

=  0 
IX. 


8a 
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VII.  &  IX. 


X.  and  XI.  give  the  values  of  z  and  r  which  may  now  be  treated 
as  known  in  V  and  V. 


The  values  of  u  and  v  may  be  obtained  from  those  of  x  and  y 
respectively  by  changing  z  into  —  z. 

EXERCISE. 


2.  10oj2-9i/2  =  2ica,    8ic2  -  6y»  =  13x. 

3.  «i/=(3-ic)2  =  (2-7/)3.  4.  «2 
5. 

6. 


35         28 

7. 


9.  a; 

10.  ( 

11.  25(a;3  +ys)  =  7(x+y)s  =  175xy. 

12.  2z2  -  ?/2  =  14(a;2  -2?/2)  =  14(aj 

13.  2«2-3^  =  9(ic-3?/),    3(a;2-3 
14. 

15. 
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16. 
17. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
27. 
28. 

29. 

30. 

31. 
82. 
33. 
84. 
35. 
36. 

87. 
88. 


18.  a-h?/  =  5, 


(aj+  y). 

6  =275. 


-2*  =211 


1 

— 


4^2  =  5(5  -aj),     2(aj8  +  i/8)  = 
27^  =  17,     9(a;3+?/3)=~3. 


x+y=xy, 


APPENDIX. 


40. 
41. 


b  — 
42. 


48.     «4-i/2=aa;,    x*+y  =  by.         44. 

45. 

40. 

47. 

48. 

49. 

50. 

51. 


52.       L±  .       LL  = 


y(c*-xy) 

53.     x+y  =  xy  =  x*-{-y*.  54.    x  —  y 

55. 
56.     — 


a;3  —xy-\-y2 

57.  aj^-fzy2  = 

58.  x*y+xy*  = 
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60.     x2  +y2  =  ax2y2  =  xy(x+y). 
61. 

62.  xy(x+y)  =  a, 

63.  (JL  +  l|(a 

64.  x*+y*  =  m(x*+y*),     x*+xy+y*=n. 
65. 

66. 

67.     x*+y2=a,     x*+y5  =b(x*  +y3). 

68. 

69. 

70.  x2-y2=a,     x*+y*  =  b(x-y). 

71.  a;+y  =  «,     ^-4-fj/4  =  6.  72. 
73. 

74. 
75. 
76. 
77. 

78.  ajs=fl(a;s+ys)-ca;0,     y3  =  c(x2+y2)-axy. 

79.  aj8-y»  =  fl-8,     ar3-7/3  =  ^  1-^--  — j. 

80.  x*-y4=a*xy,     (x* +y2)2  =  b2(x2 -y2). 
81. 

82. 
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83. 
84. 


86. 
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87-  l^+Y 

88.  x2 

89.  x3 

90.  (.^ 
91. 

92.  (x-y)(x*-y*)(x*-y*) 


93.  ; 

94.  a(x' 

xz_  y3     as  —  b*         xB—v5     a5  -  b5 

QK  y 

a.2_2/2-a2_^2'  a.4_2/4—  a4_  fc4 

96.         ^ ^o  = 


98.     (x- 


99.     \"^1JJ  \~  ^*!/~ry  )    _  3^2 


APPENDIX. 


100. 
101. 

102 


108. 


104. 


105. 

106.     *(aj+y)(a;+2»/)(aj+3^)  =  a»,     (x+y)*  +  (x+2y)*  =b. 

107. 

108.      x 


109. 

110. 

111.     x+y  =  a(l+xy),     x 

112. 


(i+«)(i+y) 

118.      r;—  T7^  --  rr 


114. 


(c«+s4)(c4+y4) 


292  APPKNOTX 

•1)      a         (s 


c         (x5  —  l)(y5-!)      c 
117       *v~  •  "  '__       ^_iii^_)_/, 

**•'•        a?(l  +  2/3)          '          ,-2/'T-l-,/4\-0- 

1+a  la; 

1 r—  -  =  a    I — 
I -}-y          -\J  y 

"1  1 Q  a\       •"         )  if     \—    i    *"    /         » 

*Ay.  7^    !       oT  ^  Cf.  o~7^     i       cT^O. 


1+iB 

118.  -  =  «    I — >      ^^  !          57  =  6, 


120.      — — - — —  =  «,      ^— ^ — ------  =  b. 

X^l.  7^     :        ^TT  =:  <J.  ~iT/^     i        ^"nN^^O. 


123. 


1 91        V^^yA*      ^y/  _  V^    ~y    J\J-       ^  y    >  __  i 

(^-2/)(i-^)~a'    (*9-»sXi  -*V) 


(a?+y)(l+gy)  ^    .  g  /v-  f  ..  y   f 

13aO.        ;  rr^ ;=«       /— , 5T71 5 — ^(=0. 


•*«* 


1 0A  &     j  __  \       *    J  /  \  ™9  i        i 


127.      ':.  i   d7=«> 


128.      v '       .  *   " ~ — ^y  =  a. 


=  b. 
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130.  2aj(?/>  -  2z)2  =  «,     y(y<i  -  2a?)  V(?/f  ~  4aj>  = 
(Hence  deduce  the  solution  of  x5—  5#3H-2=»0). 

131.  2ajy(a?8+ya)»=a,     (a?8  -y9)(aJ9Hry»)»=&. 

132.  v/^+ 


EXERCISE. 

=  24  2. 


3.     (x+2y-3z)(x+y+  z)-Z(xy+yz+zx}=  -  12, 


4.     a2-2/z  =  0,  5.     (aj*+y*+a*)8  + 

=729. 


G.     «2-/2  =  0,  7. 


8.     «4-/=«8z,  9. 


134. 
10.     a;+/  =  7«,  11 


x*  -f  ?/*  =  674z3.  re5  +y5  =  202722. 

12.    x+y:y+z:z+x::a:b:ct       13. 


294 

14.  ax  =  by  =  cz= 

15.  (x+y-z)x  =  a, 


APPENDIX. 


-      +      ..        16.    z  ..  JL  -. 

y       '  *  \y         xl 


_  _ 

' 


19. 


20. 


18. 


21. 
22. 


23. 
24. 

25. 

26. 


by2 
'  "  • 


—   =   a,      yz  +  1L   =    b,      zx  +  -i.   =   c. 
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27.     aj 
28. 


29.     x+y+2az~  0,  80. 


81.     «(y-l)(«-l)  =  2a,  32.     %-l)  = 
aj»(y»  -!)(*»-!)  =46*.  iB2(2/2-l) 

2.3(^3  -I)(a3«l)  =  6«8  {B3(2/8-l)  =  c3(23  —  1). 

83.     «y-l)  =  «(«-!),  34.     aj(y-l)  =  fl(«-l), 


35.     a-l  =  fl(«-l,  36.     (a?-ys  = 


87.     x—   =  a,  88. 


39.     aj/  =  M»  =  a8,  40. 


41.     x   =  uv  =  a2,  42. 


^96  APPLSDIX. 

<~b, 


52. 


53. 


43.  xy  =  uv  =  a*, 

44.  xy  =  uv,  45.     xy  =  uv, 


46.  xy  =  uv,  47.  xy  =  uv, 


48.     a#  -  itv  =  0,  49. 


50.     x+y+u+v  =  a,  61. 


y+z     a  —  2u     z-\-x     b  —  %u    x+y     c— 


ANSWERS. 

EXERCISE  i. 

1.  9,  -69,  1,  0,  1206,  -29,  If.  2.  -160,  106,  41,  108 
8.  -A,«,  ~25»  125>  iV»  -81,  -4¥V,0,  -1.  4.  9,8, 
7,  -&.  5.  176,82,  254|e,  -37  -i-  7^3.  6.  18  each. 
7.  146,  14,  -72,  -270,  396.  8.  Each  =  0. 

EXERCISE  ii. 

1.     -1.       2.     -166542.       3.     100.         4.     -2967511. 
5.     968.  6.     -162.  7.     10.  8.     -8.          9.     0. 

10.  -20.        11.  706440254900.        12.  0  each.        13.  Each  0. 

EXERCISE  iii. 

1.  0,  16a*.         2.  a,  ay/8.         8.  2a,  0.        4.  26a6,  -26«e. 
5.     0.         6.  4a*.         7.     6a*.         8.     f.          9.     c.          10.     0. 

11.  a-j-(a+&).         12.     a2c(6+2c)^-62.         13.      a*+bz+c2. 
14.     0.  15.     (12a26-24a624.2863)-^(36-a)3.  •         16.     0. 
17.     0.  18.     -62c.  19,  20,  21  and  22,  each  0. 
25.     2(6+Z)fc,  4z2.              32.     d»=8i».  33.     Z 

35.     wr2,  rCr+rOC^-r7). 

EXERCISE  iv. 


2.     8( 

3.  a*(x-z)-ab(x-y)-b*(y-z). 

4.  (aj+^+2)(a+&  +  c).  5. 

6.     2(ic+^+2)x(a24-62+c2-a6_6c_Ca).  7.     0. 

8.     2(aa;+ty+«5).  9.     a 

10.     2xna-26.  11.     a 


ANSWERS. 

EXERCISE  v. 

4.     4(a.3-&2)2< 

o.     x*+4x,   -3^4  _  43.2^2^31^4.  6.     a2. 

8.  a;2  -  6.i;3  +9^4  +2^  -6^/2-6«2i/+18^2  4-  //2-  6^ 
9.     4^(«2-?/2),  2(l  +  12^2+16o;4). 

10.     TVc2.        11.    a2_2&2,  8a6(a+&)2.        12.    2(a-c)(b-d). 
13. 
16. 

18.     (a>  +262  _2c2)2.         19.     16^2.         20.     -4a6. 
21.     4(a  +  6+<?)2.  23.     4(1+ 

24.  (a2ic2+^2)2. 

EXERCISE  vi. 


2.     l- 

3. 

l+a2+#2+23 

-  ±xy  +  Qxz  -  ±yz. 


4.     XG  —  2x 

a2x*  + 

2cdx7  +d*x8.         8. 


11. 

26<to*  -«£»*,. 

EXERCISE  vii. 


1.     (a2-&2)2.         2. 

4.     «4-?/4.         5.     #2.         6.  16*2.         7.     o 

8.     4a4-9&4-16c4+24&2c2.  9.     &2_9C2  -. 

10.  x8-ys.       11. 


12. 

15. 

16. 

20.     (^2 

22.     i- 

24. 


ANSWERS. 

14. 


Ill 


21. 


28. 


25.     rt8- 


v. 


2. 
8. 

4. 

C.  aJs--2^-a»-16a-68f    -++-  +       -1. 

6.  ?i2^24-2??^  +  ?/2+10?zx+10?/  +  21. 

7.  (^  +  «.)2  +  22/(a;-i-a)-3y2.     8.     x*n 

.         9.       a;8  -x±i* 


/  1  '      1  \  3         /I        1  \        5 
10.      —  +—      =2   —  +  —_— 

\  »     y  /         \»     y  I     * 


-8. 


11.  a;4 

12.  (*  +  6)4  -  (a^-{-c^j^+/')2+a2c2.         13.     ab+cd. 

EXEBCISE  ix. 

1.     2(l  +  3«4),  2xy*(Qx*+x*y«).         2.    96(a2  +  ^24-«&2 
6(27a2-27a6-f-7/>2).        3.    («  +  ?/)3.       4.    8a3.       5. 
6.     8z3.      7.    ^/3.      8.    27z3.      9.   (2+a:)3.      12.   8(xa+ 
14.     (a3-f&3)(.e3-f?/3).       15.    0.       16.    0. 

EXERCISE  x. 


-f  3/>2(^-c)4-3t;2(^-^)  +  6rt6c,  l-6^+2la;2  —  56ic3  -f- 
-|-21(Ju;G  -204s7  +  144a;s  -  G4a:8. 


IV  ANSWERS. 


2.     _(.^4-18:c8  4-27:e7  +  29*6  -2-lz5  -  36aj«  4-  5aj3  -8aj»  -2). 
5.     0.      6.   45#G  -f-16322  V-  432x*y*z*.      7.    ( 
EXEBCISE  xi. 


8xy7+ys,  xl2+12x11, 
2.     The  signs  will  be  alternately  positive  and  negative. 

a4  — 8a36-|-24#'2&2  —  32a634-1664,  same  as  last,  terms  in 
inverse  order.   .    4.   l-J-6w-f-15??i2-f  20w3-|-15;;i4-f-6w64- 

>  -f 

240/n4-f  160w3  +  60wi2-{-12??i-fl.         5.     120. 


7. 

EXERCISE  xiL 

1.     l-f^3-f«4+^6+.'c17.      2. 
x8+x9+xi5t         3.   a;4  + 

2x9-3a;6+4a;5+^4+a;3-2^2-a;+2.         4.    xG- 
266s;2  -1.         5.    18a;8  +21x7  +  Sx6+x 
43^+6.      6.  l-^2-^4.      7.  6z12 
9z6-10.c5+:«4-5a;3+5z2-f;c-F4.    8.  « 
9      ^4.^3^3.         10.    x*-3x3.         11. 
12.     (1),   -1,  (2),   -1,  (3)    -4.  13.   -1. 


1NSWERS. 

EXERCISE  xiii, 

2.     5 

3.  a4-f2as  +  3a2-f  40  +  5.         4.     z 

5.  a3+8rt2a;  +  8tfa;2-f;K3.  6. 

7.  10z3  +  5z2  +  l,  10z+10.      8. 
9. 
11. 

13.  6a;5 

14.  2z4 

17.  lOo;3,  10(a;4-20).  18.     mx*+nx*+a. 

19.  l-fa;-5f«2-  3^34.9^4.       20.     33.         21.      -4. 

22.  -20.  28.     Uy*. 


10. 


12. 


—1. 
15. 


16.     x+y+z. 


24^    85a;+8.         25.     755. 


EXERCISE  xiv. 


2. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


if  y  =  aj 


8. 


,  if  y  =  *-2. 


EXERCISE  xv. 


ab(x  —  c)  +bc(x  —  a)  +ac(x  —  b), 


V1 


ANSWERS. 


2.     abc+bcd+cda+dab, 


tt  and  c. 

«2o  and  «6c.          24. 

same  ;  ic4y,  ic3?/2. 


x  and  ?/.         14.     ax  and  %,  #,  </,  z.         15.    /  and  &, 
x  and  </,  also  x  and  —  s,  and  j/  and  —  z. 
a,  b  and  —  c.         18.     a2,   —  y2  and  z2.         19.     b  and  c. 
21.     a  and  6.  22.     a2  and  2a&. 

,  abc.         25.     «5,  »4*/,  and  x3y*; 

26.     Not  symmetrical. 
a4,  a*b,  a2bc,  abed;  a4,  a263.        29.     a»,  a26. 

EXERCISE  xvi. 

4(a»+A9+c»).  2.     3 

4.     2 
6.    2 

).         8.     Mabcmnr. 
10.     a2^24-^2c2+c2a2. 

EXERCISE  xvii. 

115.       2.   pa3-3qa*+3ra-s.      3.    2.      4.  -  17'3588. 
1,  2(8a2-fl).         6.   Oor2yn,  2^n,  0.         7.   36. 
_(&2-fa2)3-(3&2)3.         9.    -15a4.         10. 
12.  0.         13.  2a3  -3ab(a-b), 


4.  2.       5.   36.      6.  11. 
14.      =-46,     =  14. 


18. 
16. 
17. 

20. 
23, 

28. 


3. 
5. 
7. 

9. 

1. 

5. 

8. 

11. 


EXERCISE  xx. 

1.     3.       2.    1.       8.    -l±2x/-2. 
7.     -1  13.      =-<],      =  6. 


ANSWERS.  VII 

EXERCISE  xxi. 

1.     6=  -8,  c  =  8|,  d=-24.     2.  c=  -20-i,  rf=-13^,  e  =  60f. 

8.  b=  -3,  c=-10.      4.  a  =  8,  6  =  0,  c=-57.     5.    a  =  -  2, 
c  =  24i,  «  =  0.        6.    c=-106i,  d  =  202i.        7.    «  = 
&=-810,  c  =  639.  8.    a  =  4,  c  =  —  27,  ^  =  7,  e  = 

9.  399.         10.    »3-(^+3)^2-f(2p  +  ^+3)a! 

11.  ^3-(p-8)a;2-(2^-^-3)a;-(j9-g-|-r-l). 

12.  rx*-(3r-q)x2+(Sr-2q+p)x-  (r-q+p  -  1). 

13.  x*-qx*+prx-r*.     14.  a;s--(p3-25)a:3  +(^2 

15.  x*-2qx*+(pr+q*)x  +  r*-pqr.  16.  rajs-(^  +  8r)a;2  -f 
(p3_2/>g  +  3;-)a;-(^-r),  33.  -1.  34.  1.  35.  -1. 
86.1.  37.  -1.  88  and  39.  a  +  6  +  c  +  d.  40.-1. 

EXERCISE  xxiii. 


2.  6.     8.  3.    4.- 

5.0.    6.  56*  -80a63+30a.363_  5^35.   8.  0.    9.0.    10.0.   11.1. 
12.  (a  +  b+c  +  d).         18.    -1.         14.  a  +  b  +  c  +  d. 

15.  (rt-f64-c)(rt24-62+c3+^  +  6c-f-ca)-ha6c. 

16.  («+6+c)2(a2+62-fc2)+2a6c(a+6'<fc).        17.  a+b+c+d. 
18.  (a  +  6+c+c/)2.     19.  (rt  +  &  +  c-fr/){(tf+£+c-H)2- 

(a6+«rf+ac+6c  +  6rf+c^)}+^ct/.       20.  a+6-fc.       21.  3. 

22.  -1.       23.  0.      24.  0.       25.  0.       26. 
27.  l-ia;-frB8-TVe3.  28. 

29.  1—  2«-h3a;2-4a;3.  80. 


EXERCISE  xxiii.    (a) 

1. 

8. 

(Pq-r}(pr-t)}x{3(pq-r)(r2-qt)-(pr-t)(qr-Pf)} 
9. 


Vlll  ANSWERS. 

10.      -4 


-4(4p)»(6?)+4(4p)(4r)+2(6?)8  -4*, 
-  (4p)« 
6(6j)(4r), 


11.  s0*4-4sis3  +  3s*»  S0se-6sis5  +  1^2s4-10s3'  where  s0,  «,, 
&c.,  are  the  coefficients  of  the  terms  (taken  in  order)  of 
the  quotient  in  No.  10. 

12.  a:w(4a;3-28a;  +  l)--(x4-14^2+a;_38);  «,  =0,  «s  =  28,  *„ 

=  -3,    s4  =  544,    ,96=-70,    6-6=8683;    2(a-  6)4  =  4526, 
s(a-  6)6=264122. 

EXERCISE  xxiv. 

1.     (3m  +  2)2,  (cm-l)2.  2.     (y3 

3.      3a6  +  2c2,  433aj-/2      4.          2 


5.     (a+ft  +  c^.CS^-^)*.     6.     (•- 
7.     (a;2-22)2.     8.     (»-^)4.     9. 

10.         O^-?/2.  11. 


15.  (a2-62-c2)2.        16.     (2a-2c)».        17.     (2a2~86-|-4?) 
EXERCISE  xxv. 

1.  (7a+26)(7a-26).  2. 

3.  (8a-26)(9a2+462)(3«-|-26).          4. 

5.  5b(a+2xy)(a-2xy)  6.     (8aj3 

7.  (f«  +  l)(fc-l).  8.     (2//2 

9.  (8a-l)(8a  +  l)(9rt»+l).    10.     («- 
11.      a-6 


ANSWERS. 


ix 


12.  (fl+6-c)(a-6+e).     18. 

14.  (a2-?/2)2     15.  (x+y+2e)(x+y-2g).    16.  16(a;+l)(l 

17.  (aj+y+«)(aJ+y-sO(s- 

18.  4xy(x  +  y)(x-y).  19.  (a:— 

20.  4(fl-  +  c)(6+d).  21.     24a;(l-f-2z2).          22. 

23.  (a  +  b+c+d)(a+c-b-d)(a-b-c+d)(a  +  b-c-d). 

24.  (a;-f  y-f  z)(ie-  y—z)(x+y  -  z)(x—y+z). 

25.  8a363(a6-3«3?>3+66).         26.     ( 

27.  (a;2+7/2+^2)(a;2+?/2+22-2^-2 

28.  (»+2a)(a;-22/).     29.  (a  +  6-c)(a 
80.  (a;-2/^2)(a;4-2/-2)(«  +  2/-f2r)(«-2/ 

EXERCISE  xxvi. 


-x). 


8.     2(2a?-5)(aj  +  2)f  8(8a;-20)(a;-10). 

4.     i(z-f!2)(£*-3),  5(a;+l)(5^  +  8),  (3a;8-4)(3x3 -5). 


6.     (x-a)(x+a)(x-V)(x+b), 

7. 

9. 
10. 
II. 

M.     («»  -10*  —  12)(aj9  -  10a:+8). 
If.     (z2-14x+10)(a;-9)(z-5). 
17. 


8. 


16.     (x--y?)  \ 


ANSWERS, 


19. 


3. 
5. 
7. 

9. 
11. 

13. 
15. 

17. 
19. 


4. 

7. 

9. 
11. 
13. 
15. 
16. 
17. 
19. 
20. 


18§ 

l   (xm  -  ±yn)(x 
(xm-ayn)(xm  +  byn). 

EXEBCISE  xxvii. 

(x-by)(bx-y).  2. 

).  4. 

6. 
8. 
10. 
12, 

14.     2(28aj-6y)(a;- 
2(28aj+5.y((aj-2y).  16. 

18, 
20. 

EXERCISE  xxviii. 

(5aj-7)(2jr4-8).      2.  (5a?  +  8)(2aj-7).      3.  (5a?-8)(2aj+7). 
j-ll).    5.  (4a+l)(3a-2).      6.  (8aj-7)(4aj-8). 

8 

(4aj+l)(8aj-l).  10. 

12. 
14. 


18. 


ANSWERS. 

EXERCISE  xxix. 
y-*).         2.     (5a: 

3.     (8aj»+4y»+18)(a;>  -y2-!).  4. 

5.     (9x+8y-20)(8x-y-l).  6. 

7.     (4jc  +  8,/-z)(2a;+8#+3).         8.    (3 
9.     (3a;2-22/2  +  5^)(2^2+5?/2  -5). 
10. 

11.  (2a 

12.  a- 


EXERCISE  xxx. 

2. 

3. 


4. 

5. 

6. 

7.  |(5«2+10±3v/10), 

8. 


9. 
10. 
11. 
12. 
13. 
14. 
15. 


2. 

3. 

4. 


ANSWERS. 

EXERCISE  xxxi. 


6.     (2x*+yS±iXy),  (x*  +2/2±i^v/39), 


8. 


9. 

10.  4 

-  (3x2  -  2i/2  +^)(3ic2  -  2?/3  -xy). 

11.  2 

12.  2 
18.  { 

14.  ( 

15.  { 

16.  4(aa  +  5ab  -  2fta)(6a  +  5a6  —  2aa). 
17. 


18.  { 

19.  ( 

20.  ( 

21.  4(3a2  -  2x+  l)(a?3  -  2x+  3). 

EXERCISE  xxxii 

1.  (ass  +  3)(ar+8)(aj-l).         2.     2(a;2 

3.  (aj»  +  4(aj+4a;-l.         4. 


ANSWERS. 


Xiii 


5/       0 
(x* 

7.  (^ 

9.  (5a 

10.  (8a 

12.  (11 

14.  8(3 

15.  (2a 

16.  (x* 

17.  (a;3 

19.  (a2 

20.  (x2 

21.  (a2 

22.  2(z 

23.  (a;2 

1. 
3. 
5. 

7.  (4a; 

9.  (a3 

10.  (a;3 
11. 
12. 
13. 
15. 
1C. 
17. 


6. 

i.     8. 

>.    11. 
13. 


18. 


i//2).  24.  (x*- 
EXERCISE  xxxiii. 
9a;+27).  2. 

4. 

6.     (a;2 
8. 


14.  (x*+lxy-y*}(x*-xij-y*). 


xir  ANSWERS. 

EXERCISE  xxxiv. 


1.  (y-z)(x*-y).  2 

8.  (z^+a)(x-\-a)(x-a).  4.  (2aj-a)(aj-2/>). 

5.  (x+3a)(x+2b).  6.  (x-b*)(x-a)(x+a). 

7.  (x-b)(x  +  b)(x-a)(x*+ax+a*).        8. 

9.  (rt+te)(a-to-Kz2)          10.  (a-&*)( 

11.  (ax-d)(bx*+cx-f).        12.  (i«f-j)(aj*  -aj-1). 

13.  (a-6-c)(a  +  2&+8e).      14.    (aj+fl.)(a!9H.aj  +  l). 

15.  (wa;  —  w)(  pa?2  +7»5  •-»')•      1^-  C35"  «•)(«—  fc)(a;-c). 

17.  (x+a)(x-b)(x-c).  18.  (»?+«)(«+*)(*-  c). 

19.  (a*+z)(x-ay)(x*-y).     20.  (fl 

21.  («a;+c)(flfa;8-fea;+c).         22.  (x-y)(x+y)(mx-ny+rz) 

28.  (w«—  W7/)(«a;+6y-f  cz).      24.  (w«+w)(a^-te+a). 

25.  (c>-a»)(ft8-^)(«a-a!y).     26.  (x^-m^x2  -a)(x*  -n  +  n-} 

27.  (1  +  a;  -x2)(l  -  ax+bx2  -  ex*)' 

28.  (ax  —  dy)(ax—  by)(ax+cy).     29.  (mx+q)(px+ri)(m*x-  n). 
30.  (w^+?ii/)(/va;-wj/)(^2a;2+ 

EXERCISE  xxxv. 

1.  (a+x)(a-b).  2.    (a 

8.  (x-a)(x+a)(x*+ax+a*).   4.  ^( 
5.  (ax-b)(cx  +  d).  6.   (5 
7.  (a-6)(«+6+a?-c).                8.    (a 

9.  (x-y)(x+y)3-  10-  (* 
11.  (6-2a;)(2+to)-                     12.   (x- 
13.  (p-q)(p*-2<22)'                 14-   (rt- 
15.  a6»-l8ai>  +  l)«               16.   (2/- 


ANSWERS.  TV 


17.  (a+6)(2a»-8«6+26»).      18.   (bm- 

19.  (^+2")(y2"_32/vi+23'1).    20.    (a- 

21.  (a*-c»)(a»-2c-).  22.   (ao; 

28.  (5af-3a2)(7,»n-h3«2).         24. 

25.  (m-b)(m  +  b)(a-m).  26.  (i  - 

27.  (a-?/-2)(z2-2#</-|-*/2+z).  28. 

29.  (^+y-)(a;"+yw).    30.  (a?a+^+fl 

EXERCISE  xxxvi. 


2. 


8.     (a  -6).  4.     je  +  4y.  5. 

6,     5(//2-a;2)(7a;4-lla;22/24-7^4),    (a2  ~26)(a 

7-     y(*-y)(y  +  l).  8. 

9. 
10. 
11. 
12. 
18. 

14.     (2«4-3y)(2^-3t/)2.  15. 

16.     («2+a6(;+62c2)(a 

EXERCISE  xxxvii. 

1.     8(aj  +  y)(y+«)(«  +  aj).  2.  (a-&)(6-fl)(a-c) 

8.     8(a2-62)(62-c2)(c2-a2).  4.  (x+y)(y+z)(z+x) 


XVI 


ANSWERS. 


7.  (#+&)(&+c)(c+#).  8. 

9.  (#  +  &)(5+c)(c+a).  10. 

11. 
12. 

13.  (. 

14.  - 
16. 

17.     (a  —  b)(b  —  c)(a-c).  18. 

24. 


EXERCISE  xxxviii. 

2.  (aj-2Xs-8)(a>-4). 

3.  (z-3)(a;-2)2.  4.  («-2)20-h4). 

5.  (#+l)(£2+2a;+3).  6. 

7  /'V*    r>l-   ^  \  /*O*  1\2  Q 

9.  (m— w)(m3  — 2»w — 2w8).  10.  None. 

11.  (»i-n)(»i-2w)8.  12.  (&-j-3c)(62-25r-f  13c2). 

13.  —  (m-w)2(w3  — ?ww+«).    14. 

*15.  («-5)(a;-3)2.  16. 

17.  (<i-l)(a2-2a-195).        18. 

19.  (a-l)2(^-J-2)(rt+3).          20. 

21,  aZ+W+lab.  22. 

23.  (p  —  2)(p2  —  2/3+2).  24.  (»n-l)(a;2B4-5a;n +5). 

25.  (?/-2)(2/3_37/2+22/+4).  26.  None. 

27.  («-&)(a2  +  2ai+362).       28.  (aB+l)(2r/2B  — 8«' 

29.  (aj-2)(*-8)(aj-6)(aj-7).  30.  (a;-y)(a;- 


ANSWERS.  xvii 

EXERCISE  xxxix. 


*),  (aj-l)(4aj-2)(2aj  +  8). 


4.  (6-K)(/>  -  4c)(2&2 

5. 

6. 

7.  2x- 
8. 

EXEBCISE    Xl. 

1.  1+x2.       2.  (u;2-!)2.  8.  (aj*+«»ajs+a*)(aj8-a*aj*+a?8) 

4.  (x+2y)(a;2+8i/2).  5. 

6.  (a-a;)(a+a;)2.  7. 

8.  (a  +  A)(3a  +  6).  9. 
10.  a2-62+c2.  11. 
12.  a-7.  13. 
14.  (x-a)*-b(x-a)+b2.  15. 
16.  a;(*a-aj:+&).  17. 
18.  (»-2/)(«2+2/2).  19. 

20.  a3-63-c3.    21.  a-|-aj.  22.  (c—  fc)(a-f  6  + 

23.  ab-ca-bc.  24.  x2 

25.  (z3-2)(z+l).  26.  aa 

27.  (2ic-i/)a2-(a;+?/)aa;+a;3.         28. 
EXERCISE  xli. 

1.  *2_3.           2.  a:+a.  3.  aj»-a:+l.           4. 

5.  None.            6.  cffl+c6.  7.  (a~6)(^  +  fl).      8.  b(x+y). 


xviii  ANSWERS. 

9.     (a-b)(b-c)(c-a).  10.  rt2m+l. 

15.     (ic+l)(iB2  +  l)(^— I)3.  16.  (£+l)(£+2)(a;-{-3)(2-f-.4).  17.  5 
18.     Same  as  given  quantity.     25.  (a  —  b)(b-c)(c-a). 
29.     x4'+x2+Zx+ 1. 

EXERCISE  xlii. 

1.  (a;_i)_j.(^2+4a.+16)>  x(3y-7)+y(7y-3). 

4. 
5. 
6.  (x  —  y)^-(xjry).  7.  (3<7#2  +  l)-i-(4a3#4+2a;c2  —  1), 

EXERCISE  xliii. 

2.  #,  2a-r(«2+l).  3.  «(l+a)-f-(l+2«+3«3),  a 


4.  62-f-a2,  (ft+l)-=-«62.  5.  (ac-.6d)-^(flfc 
G.  !+6x2i/2(2/+2)-v-{2/222-^2(2/i2!)2}.  7.  (a 
8.  1.  9.  -(a*+a2b*  +  b*)~ab(a-b)*. 

n 
10.      a+6  +  c2-*-2&c.  11. 


12.     (aj+y)-s-(aj-y).  13.  (a-6)»-5- 

14.     (aj+y)-s-(a;-y)  15.  l-r-£c3. 

16.     1-s-w.  17.  ±l-6H-l  +  fc.  18. 


1. 

4. 

7. 

9. 
11. 
13. 
15. 
16. 
18. 
20. 
22. 

1. 
6. 

8. 
12. 
13. 
16. 

1. 

5. 

8. 
12. 
13. 


AN  S  WEBS.  XE 

EXERCISE  xliv. 
(«-  a)  -5-  5.  2.     «+&.  3.     Wa*x-+-  (a4  -a4)*. 


5. 


6. 


.     10. 


(286-77aj)-f-18(llaj-8). 


12. 
14. 


(10aj~7)-H(aj-l)(2a;-5)-l-i-(2»-.7)(*-4).          17. 

yn(yn-xn).  19.     («-fe)an-i-2. 

0.  21.     4aja-s-(*19-l). 


x-y. 


EXERCISE  xlv. 
2.     rt-f-ft.  8.     0.  4.     0.  5.     0. 


7.     1. 
rt+6+c.  9.     1.  10.     a?»-ys  .11.     0. 


-J-(a;-a)(a;-6)(a;-c).  14.     1.  15.     0. 


EXERCISE  xlvii. 

o.  2      8.  3.     10.  4.     a2-f/'2. 

w  =  2,  n  =  l.  6.     2a;2,  or  5.  7.     m=  -5,  n  =  6. 

±12.     9.    (a3  +  /,3)(c2_M2).     11.    -3/>c  -4c3  +62o2-  46s 

-4),    also  (a;2  -3.cH-^)(ic3  -a;  -6). 
.          15.     a  +  c  =  d*  -+•**,  a-t-b=S*-r-e*9 


ANSWERS. 


19. 
25. 

1. 
3. 
5. 

7. 

9. 
11. 
13. 
15. 
17. 
19. 
20. 
23. 
24. 
25. 
27. 
29. 
33. 
36. 
39. 
45. 
48. 


17. 

24.    />  =  2»i22± 


EXERCISE  xlix. 

5,  8J,  a,    -3.  2.      -4i,    -a,  2,  10. 

a  +  b,  c-a,  b-c,  3.         4.      -2,  6,    -5,  12. 
-14,  a -36,  2a-36,  56 -3a.  6.     7,  4,  a,  6. 

ic,   5-^-a,  0,  1.  8.      -1,   {(a  +  b)2~a}~b,  a 

(6 -a),  a  +  6.         10.     l-=-a-6,   l-^(a-b),  l-^(a* 
26,  «.  12.  a  +  6,  c -:-(«+£),  6-7- (a  —  c). 

16.      -1,  (a  +  6)-=-(rt-i 
7-14.          18.    —1  —  12,  6-i-ac, 


10,  12,  4,  i.         21.  1000,  -I,  f         22.  9T9^,  a*, 


-1,    -1.  26.-(a»-cs)-5-(a+6)8,  2,  8*. 

aft,  6-s-a,  ac-s-6,  12.  28.  12,   -ac-s-6. 

9,  2.        30.  12,  1.        31.  3,  1.        32.  (2a-l)(2a+2),  0. 

34.  1.         35.  (a6  +  6c+ca)-s-(as  +  fo+cs). 

2)-:-(rt6-|-6c-i-m).        37.  «+6+c.         38.  1. 
1.         40.    1.         41.  1.         42.  15.         43.  16±.         44.  6. 
5.          46.  (npqa+pqb  +  qc  +  d)-t-mnpq.  47.   —  |. 

0.         49.    -25-J-136.         50.  1. 


ANSWERS.  XXI 

EXERCISE  1. 

1.     2,  3.         2.  £,  i         3.   ±2,   H.          4.  1,  1|.         5.   ±|, 
±(a+6),  «.  6.  4,  5,  2,  2*.  7.    -3  or  2;  4,  -3; 

2fc,   -H.        8.   1;  f  or  f;  i  or  8.       9.    -f  or  |,    Ior6; 
£or  -|.         10.    -1,  2,    -i,  1.         11.  0,    -b,  3b. 
12.     a,   ±a\/-l.         13.  1;  |(-l+\/5).         14.   ±a. 
15.     ±6c,   -(6-fc).         16.  a  +  2b.         17.  6  or  ±a. 
18.      -2a6,  ia6(l±V7).         19.  a,  6,    -(a+6).         20.  a,  6. 
21.     aorl-a.         22.    -a,    -b,  a -26. 


23.     a,  b,b(l  -!>)  +  ( 

l+a-b}.         24.  a;3—  6z2  -  37^  +210. 

25.     a4-4rto;3-13fl 

2a24-64a3a;-48a4. 

26.     aj(a?  —  l)(aj  +  2)( 

E-4)  =  0.         27.  o;4-4o;3+a;2+6^+2=:0. 

EXERCISE  li. 

1.     4.         2.   -7f. 

3.    -107.         4.  8.         5.  8«.      6.  T3^V. 

7.     50f°,  17.         8.  22,  46i.         9.  7,  3.          10,  10,  10,  11. 

11.     Oor  11;  33. 

12.  8956-^-3971.           13.     i(15+v/190). 

14.     3.         15.  8. 

16.  4.         17.  If.         18.     1^.        19.  8±. 

20      4.         21.   +3, 

22.  11.         23.  2  and  -l±i/-3. 

24.     2£.         25.  0. 

26.  8a.         27.  f.          28.   }f.         29.  3. 

80.     10.         31.  0, 

1,  or  (-5±V  -23)^-8.         32.  102f. 

83.     (-11=^1/4681)^-20.         84.  2,  i,  J.         35.   -4 

86.     0  or  ±i/(a2-\- 

i2). 

. 

EXERCISE  lii. 

1.       (1  —  CL)  -4-  (1-f-fl 

),  «(«+!)  -i-(m-l),  4(«,fl)  -4-  «(«-!). 

2.     0-6,  0,  0. 
5.     _8or_i. 

3.     6,  ma-i-b,  b-^-ca.         4.     1,    —1,  0. 
6.     (c  —  6)(62-[-c'2)  -5—  2aic.         8.     14,  4^-. 

9.     2,  6-295. 

10.     73-1-210,   (<i  -\-  l>-}-c-\-d)  -j-  (?^-[~;i). 

XX11  ANSWERS. 

11.  b~a.  12.     6-r-a.  18.     a  or  0. 

14.  ihi/rt2  +  l--~2.         15.     f.  16.     |£.  17.     Oor4. 

18.  c-=-a£.  19.     83v/(2x-l)  =  100v'(^-8). 

20.  75-^-52.  21.     8.  22.     34T\9¥. 

23.  1 -=-?;(>— 1).  24.     ac^-(b-a).  25.     4,  3f  or  13£. 

26.  a»i*-5-(a-&)af  8.     27. 

28.  (l+6a)-5-2a6.  29. 

30.  -  «±a>/  {(1  +  6  +  62)  ^_ 


EXERCISE  liii. 

1.  8.  2.     0.  8.     3.  4. 

5.  fl6-j_(l-2>/6).  6.     4^-7.  7.     l-s-(a-2). 

8.  18962 -i- 12393.  9.      -v/a-i-  ( /r/+2). 

10.  (c-4-2/>c2)-j-(2c-2-26).  11.     i.  12.     18a. 

13.  a;2  =  80H-81.          14.     ±yVir-         15.     +T4rv/-ll. 

16.  ±V    (a--(^>i|.  17.     0.  18.     A.. 

19.  (c-a-6)3=27afo.  20.     ic2  =a*(n-l}*  -+  (2^-1). 

21.  16a;y=(n-4^-y)».  22.     0,    - 1|. 

23.  /    a2       -1}  2,  0.  21.     2v/(l-m2)-;-mv/(4-m2). 

\2«-2         / 

25.  («» -!){«» +2±  v>2  +  l)}-i-a2. 

26.  (cn-a7i+c)2^-6(n-l)2.  27.   ±5. 

28.  2A/(3z3  +  10)  =  (17v/17-3T/3)-=-7.  29.   ±5. 

30.  ±i/(36-'2a).  31  y'l(a*-b*). 


ANSWERS.  XX111 


32.  (2?/  +  2z-2*)3-f216^z=0.  33. 

.    .  a(?i2  -4n-f8)  -=-  (2«-4).  35.     a2-f2a. 

36.  ±1/(3«2+/>2)--1/3. 

EXEKCISE  liv. 

1.  _(as  +  £3j_^  2.  (2a»+6s)-r2a. 

3.  {(a-%2-2r(^+^  +  P)}^{rt2-2c(a 

4.  _&.         5.  rt_t_&_|_c.  6.  a6-5-(6-a). 

7.  «2-3rta-«2=0,  &c.       8.  <«.       9.   i(a-f-&  +  c)      10.  l-hafcc. 

11.  l±(a  +  6+c).        12.  (a-6)(ac-26)-f-(a  +  6)ac.        13.    -c. 

14.  (^a  +  ^A)8.          15.   ±2.          16.  c-s-(a-ft). 

17.  (a-fc)-5-(«  +  6).     18.  ja.  19.   ±2.         20.   +2,  &c. 

21.  i(a+c)-K«-c).    22.  «,  (3^-3^2-rt)-^(l+3a-3?>). 

23.  a.      24.  a,  />,  26.       25.  a,  (c2  +  6«6)-5-6ft.       26.  |(c  +  6a). 

27.  |a.    28.  r<  +  6.  29.  (a6  +  6c  +  e«f.)^-( 

30.  ±6,   ±a.  81.  T/{l-s-(a     1)}. 

82  {6(a-6)-4c(c-6)}-5-{4c-86-a). 

33.  (c»-afc)-s-(rt  +  6-2c)          34.  £(- 

35.  (ic-f«)2=262-a2.  86.  V(68-fa6).         37.  £(&  -a). 

38.  3i,  |.     39.  a;2-6ic  =  a.     40.  Idry^lO.  41.  b,  b-a. 

42.  (a»  +  6S)-s-(a  +  6).         43.  aj=-  5-5-2.         44. 

45.  -2a,  ^/,  |a.  46.    -3a. 

EXERCISE  Iv. 
.  2.    a*     b—2a1)-+ 


3.  (ad-fcc)-s-(a-fc).          5.     -j^-  .         6.  c.         7.   .J(« 
8.     a+6.         9.  0.          10.  0.  11.  a&c. 

12      (a2+^2+c2)^-(aH-6  +  c).     13.   ( 


ANSWERS. 


14. 


17.     4i.      19.  4.        20.   -140.        21.  17.        22.  10.        23.  a. 


28.     -b,  a,       29.  0,  0.       30.  i(a+6-c).        81.    —  . 

a-f-^ 
32.     d.       33.  afe-5-(rt8_fe2).       34.    _g|.        35.  |.       30.   _3^ 

37.     Infinity.         88.  10.         89.  abc+(ab  +  bc  +  ca). 

40.  («rft  -f  be  -f  ca  -  «^  -  bd  -  cd)-*-(a+b+c  -  3rf). 

41.  a(6+c)2-s-(fc3  +  cs  _a&_j-5c  _  fa). 

42.  fcc(d-rt)4-(a-6)(ft-c)(c-d)-5-(afc+fcc-f  cd-ad-b*  -c*). 

43.  bc2-bvG-ac*+b*d-abd+acd-+-(ab+bc-ac-b2). 

44.  _(a+5_j.c).  45.  a_j_6+c.           46.  («&+fecH-ca)-^fl5r. 
47.  -i(6+c).               48.  (a6+c)-s-2a.    49.  9.     50.  2.     61.  7. 
52.  4.         53.  -5V(5±v/785).        54.  4,  (am-w6)-s-(w-w+a-7>). 
55.  ^,  fc(a  +  c)-s-(«»+-»H-fc>).     56.  0,    -|,  |.                57.  10. 

wfl(ap+w?6)  -  w^fr  g- 

58.  (apnq  —  cmpq)-±-(apn2+cqm2)'  -  5—;  -  ^r  --  s  — 

1  '  ai>)i*-\-mn  2b-  tn  2cq  — 

59.  ab  +  (b-c),  c{a*-{-(b-c)a-bc}  .  +  a(b2-c*)+- 
(a2+b2  —  c*+«b-bc-ac).      60.  6-^-(a  +  fe). 

61.  mpcq-\-apnq-^  *  apn-  —  cqm2). 

62.  {6w(rt-c)  +  cn(6-rt,)+«Xc-^)}H- 

6.        63.  (rtH^)-^,  0, 


64.     (ap-cKWan-bn),         Ig) 

66.     100.  67.  13,  111.  68.  11,  7. 

g8+ 
69.     (a  4-  6  —  m-ri).          70. 


71. 
74. 

77. 
79. 

1. 
3. 
5. 

7. 

9. 
11. 
13. 
15. 
17. 
19. 
23. 
25. 
27. 
29. 
31. 
34. 

36. 
38. 


abc 
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_.fc)8  --i-c2},  a  or  b.     72.  0.      73.  a-\-b  +  c. 
75.     a  +  6  +  c.  76.     a- 


c-a-fc. 


78. 

81.     Oorll. 


80.     0. 

EXERCISE  Ivi. 
4  =  0,  or  5  =  0.  2.     ,4  =  0,  or  7?  =  0,  or  (7=0. 

In  the  first  case  either  x  —  5y  =  Q,  or  x — 4?/-f3  =  0,  in  the 
second  case  both  conditions  hold.  6.     #  =  0,  or  x~a. 

x  =  Q,  or  x=  —  b.  8.     x  =  a,  orx  —  c-t-b. 

10,     x  =  Q,  or  x  =  a+b. 

1O  C\  k 

14.  x  =  Q,  or  a. 

16.  a  =  0,  or  a  +  b. 

18.  37  =  a,  or  6. 

20.  5.          21.     1.          22.     21, 

24.  a  =  9,  a  =  4. 

26.  («&)-*- (fl  +  fe). 

30.     a;  =  a,  or  ft. 

1  /I     |       \     ^     /^  \  QO          />t  —  /v 

x  =  a-bt  or  i(6+c).  35.     «  =  «+&, 

_^_  ,  or  1.  37.     a+b-c. 

a+6+c 

=  a,  or^(46-a).  39.     x=  -c,  or  a 


=  0,  or  x  =  . 
=  Q,  or  x—  ± 
=  Q,  or  ^  =  a. 
=  Q  or  #=^/ 


a;  =  a,  or  6,  or  c. 

a  =  i,  *-3. 

a;=l,  or  8. 

x  =  a,  or  b. 


a;  = 
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40.    *  =  l,or    ™^L.  41.    k=   nc~^. 

7i~P  mc  —  ap 


44.     a5  =  2a-6,  01-36—  2a.  45.     «  =  «+<•-&,  or  x  = 

46.     *  =  « 


47.     aj=s4a+&,  ora  +  6.  48.    ^  =          ,  or  _!L. 

6—  c          c 

49.      a- 


50.     a?=±8,  or  +2.  61.  «=  ±6,  or  ±2. 


2//.  +  36         8a 

55.     x  =  b  —  Za,  or  a  —  26.  56.    »  =  -       —  or   — 

5  5 


57.  x  =  (mb+na)-±-(m+n\  or(ma—nb)-t-(m+n). 

58.  x= 


59.    ,K(^ 


60.  a 

61.  a 

62.  i(a+26).  63.  i(a  +&)-(«  -6) 


°4'       "26 '  or    ~~2<r~  '        65t    2ab+(a+h)- 

36  -5a 


.    a;  =       -g ,  or 

67.     a?  = 
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68.  #  =  4,  or  3. 

69.  ^{aij/a8— 4?w)  where  m  =  a2±^\/(c-t-a*)  ;  3  or  1. 

70.  a,  6.  71.  x  =  ±[a  +  b±l/{(a  +  b)2— 4(a&+t)}], 
where  *=4(«-6)2+^/{(a- 6)4+4r}. 

72.  a  =  0,  or  a,  or  ^a(ldi|/-8);  a  =  4,  or  2. 

73.  a  =  0,  or«+6,  or^{(a+&)±W(«-&)2-4^}- 

74.  x* -(a-b)x+ab  =  &c.  75.  #=  ^-(3rt-6).  or -£(36  — «.). 

76.  x  =  Sa— 26,  or  36 -2«. 

77.  ^2  _ W8  =  o,  where  y  —  m—x  and  2m  =  rt+6.     See  Key. 

78.  y2-wa=0.        '79.  y2-ma=0.  80.  y3-wa  =  0. 
81.  y--m2=Q.         82.  ya-ws=0.  88.  y2-m3=0. 

84.  (?/2  — &8)(5ya  -f7A:2)  =  0,  (where  also  ^  =  ^-(^-6). 

85.  ^4_<?/4  =  c.  86.  A;5  +  10^32/2  +  5%4  =  c(^_?/4)  &c> 

87.  «y±Av/(A;-8c±r)  =  0,  where  s8  =  8A  +  c,  and  r2  =  (A-8c)9 

+  (k-c)(9k+c).         88.    -3=i=A/(9±12v/24). 
89 — 102.  Work  with  a  variable  w  such  that  icx-x2  +  l. 

89.  w  =  (ft±s)-*-b,  where  *  =  rt.8+268. 

90.  w  =  (8rt+26±s)-s-2(a-6)  where  s=  ±:5|/(a8  + 

91.  w  =  (8its)-(l±:*)  where  s  =  (6  —  4a)-s-i. 

92.  (iy  +  l)2=«^-(a-6).  93.  M'8  =  2a-5-(/>-a). 

94.  (a?+l)-5-(a;-  1)  =  «-=-(«  -  86). 

95.  (w  +  2)-r-(ti;-2)=£(l±s)  where  s=  (16^  + 6)--6. 

96.  w'2(4a-6)-^(rt-6).  97.  tf2  =  (4«-8fc)-5-(a 

98.  10  =  (b±s) -t-2a  where  s2  =  6s  -f- 16^2. 

99.  ?r  =  (a  +  /;its)-^2(a-6)  where  s  =  («  +  6)2  -f  8(a-6).. 
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100.     t0r=(fl  +  6±*)-r-2(a-&)  where  8*-i-(a-b)*  = 


101.  (to+2)±:(«7-2)=±*-T-(4±8s)  where  s2  =2tf-r- 

102.  (tc+2)-5-w  =  ±:i/{5tt-i-(a+46)}. 

103.  i(2a  +  6),  i(a+26).  104.  2a-6,  |(fl+6),  &c. 
105.  1,  2,  4,  5.             106.  ±1,  2,  4.  107.  1,  2,  3,  4. 
108.  -J,  -J,  1,  f.     109.    -1,  3,  4.              110.    -a,  6a,  6a. 
111.  15,  20.                    112.  2£a.  113.  4,    -1. 
114.  7,   —1.    115.  ^(6c-i-a+ca-5-6+afcH-c).     116.   ±a+m,  &c. 
117.  2s5-as-6s-c) 


118.     (2a&+2ac2+2&c2-rt3-&2-c4)-f-4c2.  119.  a,  6,  £ 
120.      ±oor  ±jaVQ-             121.  a,  6.  ^(a+6). 
EXERCISE  Ivii. 

1.     3,  7  ;  y,  9.  2.  a,  2  ;  y,  1.  8.  «,  8  ;  y,  1. 

4.     a;,  9;  y,  5.  5.  «,  -10J;  y,  6J.  6.  a,  -2;  y,  4. 

7.     a,  -l;y,  1.         8.  *,  -2;  y,  -8.  9.  *f-J;y,i. 

10.     a,  -i;  y,  f.       11.  x,  12;  y,  8.  12.  x,  8;  y,  -9. 

18.  a,  10;  y,  12.       14.  x,  12;  y,  15.  15.  x,  18;  y,  13. 
16.    x,  -3;  y,  -2.         17.  s,  7;  y,  9.  18.  a,  7;  y,  -8. 

19.  «,7;y,8.           20.  x,  2;  y,  3.  21.  aj,8;y,4. 
22.    .«,  J;  y,  TV         23.  a?,  -3;  y,  |.  24.  *,  12;  y,  16- 
25.     x,  ^  ;  y,  A-       26.  aj,  8  ;  y,  9.  27.  a,  8  ;  y,  1. 
28.    x,  1  ;  y,  8.          29.  «,  11  ;  //,  7.  30.  a,  17  ;  y,  13. 
81.     x,  5;  y,  -4.       32.  x,  -^;  y,  -||.  33.  «,  13;  y,  10. 
34.     x,  4f  ;  y,  3^.     35,  x<  11;  y,  6.  86.  x,  7;  y,  5, 
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37.  x,  2 ;  yy  3.  88.     x,  5  ;  ?/,  3.  89.     Equations 

40.  x,8;y,l.  41.     a?,  7 ;  ?/,  5.  not  independent. 

42.  a;  =  0  =  y  =  0.        43.     0,0.         44.     a?  =  0or  13;  i/  =  0or£f. 

45.  a,  17;  </,  20;  z,  5.  46.     a,  ff^,  y,  ff£,  2)  247. 

47.  11,7,9.  48.     21,22,23.  49.      -15,  -6,   -8, 

50.  3,  4,  5.  51.     12,  15,  10U  52.     5,  3,  1. 

53.  f ,  1J,  f .  54.     3,  5,  7.  55.     11,  13,  17. 

56.  5,  3,  1.  57.     9,  7,  3.  58.     7*,  8*,  9±. 

59.  3|,  2|,  1|.         60.     2-3,  3-4,  4-5.          61.     30,  20,  70. 

62.  88  -r-  59,  1098  -=-  59,  1004  H-  59.          63.     30,  12,  70. 

64.  6,  12,  20.  65.     5,  2,  0.  66.     1,  1,  1. 

67.  11,  9,  7.  68.     5,  8,  1.  69.     2,  3,  1. 

70.  8,  4,  5.  71.     i,  i,  i.  72.     5,  4,  3. 

73.  7,  3,  1.  74.     2,  3,  1.  75.     1,  3,  5. 

76.  0,1,2.  77.     1755-698,   860^-349,  — 15705*698. 

78.  i,i,  1.  79.     5,4,1,3.  80.    4| ,  8A,  2TV  tt« 

81.  31,41,51,21.  82.     7,  4J,  4,  8*. 

83.  20,  10,  0,  30.  84.     11  --  24,  £,  1—24,  J. 

85.  270-J-117,   -52--117,  15  -5-  117,   -126--117. 

86.  Each  210. 

EXERCISE  Iviii. 

1.  (a'c— ac')^-(a'b-ab').         2.  i(c»-rfm)-=-(ffld-6c). 

3.  b(d-c)(d-a)-*-d(b-e)(b-a),  c(d-a}(d-b)-±-d(c-a)(c-b). 

4.  y  =  cz+du-{-ew  +  ax,  z  =  du  +  ew-}-ax-\-byt 
u  =  ew+ax-}-by+cz,  w  =  ax+by-\-cz-\-du. 

5.  »  =    m(a-i+c),  &c.          6.  x=  {p(a2  -b)  —  m(ab 
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XXX 


,  &c. 

7.     x=(l-am  +  abn  -  abcp+abcdr)-t-(l-}-  abode),  &Q. 
S.     l 
9.     l 


EXERCISE  lix. 

1.  (nc  —  bd)~(na  —  bm),  (me  —  ad)^-(mb  —  no). 

2.  (no  +  bd)-±-(an  +  bm},  (mc-ad)-^(bm-\-an). 

3.  c(tt-£>)-=-(rtW—  w6),  c(m-a)  +  (bm-am). 

4.  (6-e)a-;-(6-a),  6(a-c)^-(a-6).    5.  afc-s- 
6.  a6»-s-(a>  +  53),  a>6-s-(a»+i»).       7.  ac-r-(a 

8.  (a2-6«)-s-(flm-6n)f  (6»-a«)-s-(ft»i-an). 

9.  a  +  b-c,  c+a-b.  10.  a  +  c.  6+c. 

11.  a(cn  —  dm)-±-(bd  —  ac),  b(cn—dni)-z-(ad-—bc). 

12.  y={93(a2-c2)-6(6+2a)}-v-{(«-i)2-ct 

13.  a+b-c.  a-b  +  c.  14.  «  +  5-c,  c+a  —  b. 
15.  (m-a)(»—  a)-s-(ft  —  a),  &c.       16.  l-5-(a-6)(a  —  c), 

17.  (w-6c)(Z-a)-f-(c-a)(a-6),  &c. 

18.  »=^>-r-(^+»?^+wr)+a,  so  y  and  z. 

19.  jp{l-(/^-hrw6+wc)}^-(pZ-fw,?+nr)+^,  &o. 

20.  (w9  +  2a2-&3-c2)-^3rt,  &c.    21.  2/  =  a-^+r,  &c. 

22.  a;  =  (^+6c'4-ca)(^H-c-2a)(26-a-c)-j-{(a- 
(6  —  c)(26-a  —  c)}.     Corrected  equation,  a;  = 

23.  ma  -4-  (a  +  6  4-  c),  &0.  24.  npr~-(anp-±-bmp-+cmq). 
25.  l-s-(6-c),&o.                         26. 

27.  rtM-5-rf  ,  &c.  28.  *= 

29. 


ANSWERS. 

31.  (m»+«2-f3)-?-2»w,  &c.       32. 

33-  Z(wi2+na)-i-2»i/t,  &c.  84. 

35.  fccj-^^-c^  &c.  86.  b-\-c  —  a,  &c. 

37.  a,  b,  c.  38.  ft2-c3,  &c. 

39.  !(a  +  2&-e-t-3d),  &c.  40'  i(^+^4-^ 

EXERCISE  Ix. 

1.  a+6,  a  -6.  2.  £(«*+&),  i(*f-&). 

3.  (3^2+m2)-f-5m,  (2w2-w2)-v-5m. 

4,  a^_(a_6)f  fc-s-(a  +  6).          5.  l-s-(rt—  6), 
6.  a_f.6_c>  a_6-|-c.  7.  a-j-6  —  c,  < 
8. 

9. 
10. 
11. 


}-^-(a^-bc).         14. 

,  &c.  16.  (a-26+3c)-r-38,  &c. 

17.     2-j-(o+c),  &c.  18.  a  +  6,  &c.     (!>y  symmetry). 

19.     62-c2,  &c.  20.  /?2-c2,  &c. 

21.     *a6c,  (l-a)(l~6)(l-c),  (2-fl)(2 
•2-2.     2rt^c-5-(rtfe  +  6c-ca).  28.  1,   1, 

24.     ar  -wa  +  n/>  +;>(-•  -f^fi),  &c. 


Id         \        /t<2     </2 
25.     «  =  0,  or(—  -l,-.(-p—  ^ 


26. 

27. 
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28.  (4a-f2c  —  d—  36),  y-\~z  by  symmetry. 

29.  —  (a-b  +  c+d),  (ab  +  bc,  &o.),  -(afcd+&c.), 

30.  ^-(a-fc  +  c  —  d-H),  others  by  symmetry. 

81.  x  =  (a-lb  +  lmc-lmnd+lmnpc)-(\.  +  lmnpq),  the  others  by 
symmetry.  32.  x  =  b+c—  et  &c. 

34.  y  =  (a+5b+3c-7d+9e)+V2,  &c. 

35.  2  =  J(a-fc),  then  symmetry.     36.  z=  i+d  +  e,  &c. 
37.  a;  =  a  -  2&  +  3c  -  2d  +e,  then  by  symmetry. 

EXERCISE  Ixi. 
1.    aj=(2aB  +  rt-f-&+r)-*-2(a-&)  where  r  =  4a(62 


2.  aj  =  (ar-f-l)-5-(ar-l)  where  r*  =  (63  -  1)  H-3(a3-&2). 

3.  *= 


4.     (fl6-«/3)  -5- 
6.     aJ= 


6. 

8. 


\x  —  I/       "    (a—m)(b—n) 

10.  x  = 

11.  x  = 

12.  x=  V(a  +  b  +  c)  -=-  «,  &c. 

14.     (fc+c-a),  &c.  16.     a  or  (aa-6;  -=-  (l-a6). 
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16.     x 


17.  (* 

18.  (x+y)  -4-  (*-y)=  \/(a4-36)  -r-  T/(a-6)  =  m  suppose. 

19.  y2=m^-  (am2—  wi+1)  where  m  = 


20.     a,  b.  21.     «={v'(a-c)+1/c}y-5-  (l/(«-c)  -|/c}» 

22.  «=  (a+c)y  -s-  (a-c),  &c. 

23.  «+/  =  a6-l-^(a-fe,  &c. 

24.  ^ 

p  suppose, 


25.  «22/8«8  =  i(a  +  6-c)(64-c-a)(c+«-6),  &c. 

26.  x  =  (ab-bc-  ca)-=-2  x/  afcc.  27.  a—  x*  =  d=w,  where  m  is 
the  value  of  v  in  the  equation  4ca  —  4(c+a)r+4v3  = 


28.  «  =  il/(a6c)   (-yf  —  1  ,  y  and  2  by  symmetry* 

29.  a(62 
80.     c{v/ 

31.  Oora(6+c)-h26c,  &c. 

32.  2=  -1  or  a1/(a3-l)-5-v/(a3—  68),  &c. 


ANSWERS. 

EXAMINATION    PAPERS, 


I. 


2.  (x-—  4// 

3.  x±  -6 

—  2  )  _|_  xn  (n~  3  } 


4.    Wr*'.'-:  -"-          5-   ±14i/-  19^-27,  Oor4. 


6.  16,  7.  199,  8,  AB  37,  (7^1  52,  ^o*  45. 

II. 
1.     («+£)3.         2.   (rt+ft  +  c)(as  +  fcs+f8  -Sflfic).          3.  1-^ 

4.  (a2">  +  2awt  +  2)-j-(awl-H2),   (a  +  ^  +  c)^/  -6-c). 

7.  -|,  4  or  6.  8.  p*q-*-(r-pq). 

9.     584.         10.  (a*t-\-bn)-T.(a-±-b),  (by  common  rule). 

III. 

1.  -117,  a*(z-x 

2.  a 

8.  2i  ;  6,  9,  12.  4.  160  eggs. 

5.  40,  85.  6.    ^(1+^  +  ^(1  -a). 

7.  5ori;  4.  9.  (a 

IV. 

1.     (a+b+c}2.        2.  a+b.       3.  (4 
4-    -4l/«-ii/6.  17-  5-  4-        6.  1.       7.  Oor4;«,l 

8.  7J,  12.         9.  4  or  6.         10.  i(-3±  V  -39). 

V. 
1.     8a;»  +  l-s-125.  3.  16«262.          4.  6-4-8^7.          5.   15,  12 

6.  io,  ia;  4  or  -9,  7.  6,  7,  8,  or  -6,  -7,  -8. 
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VI. 

-9)(a?  — y  +  4).        4.   -20,  0. 

5.  b  or  l-f-6.  7.  a  =  4  or  9,  ?/  =  9  or  4  ;   1,  2,  3; 

aj  =  i(-7:tj/88).     8.    -1,  0,  1,  or  5,  6,  7,  or  —  y,  -4,  f. 

vn. 

2.  --01.  4.  a?s-haj-l. 

6.  9;  3;  x  =  Ma-b). 

VIII. 

o        /~3 , 

A»          \JO      ~~ 

3.  (x*-: 
5. 

6. 

8.     3  or  —  43-j-7  satisfies  the  equation  2  —  </  .  .  .  &c. 

IX. 

4.  axij-\-b.     7.   +\/«/>;  v^(«+6)-i-|/(«  —  6),  and  ?/  =  reciprocal 
of  this.     8.  P(22a-216)-v-20a(a-6).         9.  7,  15,  48. 

X. 

1.     a#2  +  fy/2-|-2c£?/.  3.  x  —  2.  4.  24. 

x        y 

5.  5ic2  — 3aa;4-4a- ; — -f —  —  -j/£.  7.  3;  J.          8.  4,  6. 

XI. 

1.     2.  2.  6,  8.  8.   (4a  -9#  )J 

4>     ^a+s  +  gaj-s,  a.a_(a+6)a._c.         6.  0. 

7.  0  or  -2i;  w  =  ±3  or  ±-j/-9,  &c. 


XXXVI  ANSWERS. 

XII. 


2.     a*    -W   .  3. 

5.  (  1  —  Sx  -  4z2)(l  -  '2x- 

6.  r/i2  —  r/i  =p,  q  =  0. 

7.  aj3  =  (a_2)-5-(a+4),  iA'  =  {&(w-  1)  -  en}  *  T/a(w-l), 

8.  a6  -r  {(a  -1))6  -!)-!}.  9.  37. 

XIII. 
1.     2.     8.  l+c^+c^-f  &c.,  where  c^  c8,  &c,,  represent  the 

combinations  of  alt  a2,  .  .  .  taken  one,  two,  &c.  at  a  time. 
4.     $4000.  5.   {m(b'c-bc')-n(ca'-c'a)}~(ab'  -a'b), 

a        b         c  o  23 

7"s=Tr  =  "c7"'        7  (a  +  3):i-}-(«-^);5-2«  =0.       9.  66. 

XIV. 

1.     12afa.  4.  Smiles.  5.  am~n\  x+y  =  ±5  tr  ±1, 

a?-y=±l  o^  ±5.  6.  20. 

XV. 


2  i.  3.  c2(^_^)+^2(^2_^)  +  ac(^_^)t  4>  2--(m-w). 
If  m—  n  is  negative  x  is  neg.  which  shows  that  they  were 
together  before  noon.  If  m-n  =  0,  x  is  infinite,  i.e.,  they 
are  wever  together. 

5.     a;2a;a-n2)(a;-2rt);  (a;3  -rt3)(*3-?/8). 

6. 


XVI. 

4.     2o;4  -3.^3+4^+3.  5.  See  paper  XIX.,  prob.  4. 

--v'4^.     8.  (Mi  -fciC8)-H«i&,  -« 
-a6-a6.         9. 


ANSWERS.  XXXV11 

XVII. 

2.  x*  -2 


8. 

XVIII. 

1.     l-a;l«.  2.1.  4.  x-a-b.  §.  (x-y}(x-z}. 

1.     1.  8.  9a;   ±l-=--v/2  or  ±|v/6.  9.  10,  11. 

XIX. 

1.     £(4a;-a-fl)2.  3.  5x2-l;  (.r2+^/+?/2)2. 

4.     (a-o)(w-f/i^-c)(6-^j-(«  +  i-'>-'')2. 
6.     («+2)2-r-4(a2-|-a).       7.  (762  -os)-i-12«,       8.18,22,50. 

XX. 

1.     (l+m)»+a-n)y.  3.  a;s-l. 

4. 


5.     1.         6.  a?cb'- 


8.     a(6-c)-j-(6-a),  6(c-a)-s-(&-a).          9.  3.          10.  2000. 

XXI. 

1,     8.         2.  24a?>c;  2a8+43^6.c2  +62a^4  +44^2^6  ^igj.s. 

4.     0;  rt7+16.     5.   16;  a?+2^-2a.         7.  3377  oz.  of  gold, 
783  oz.  of  silver.     9.    -  (8±41/8)-5-(8±2  v/3  ; 
x=±2  or  \/  —  1,  ?/=  =F1  or  =F2y/-l  ;  8,  4. 
10-     2/  =  cost  of  2nd  bale  =  GO±20  ^7. 


-6);    -382.         4.  x  =  a  +  2c,  y  =  b+3c. 
7.  (1).  a+b  +  c.  (2),  1,  2,  3,  4.  (3),  0  or  1 

nf  L 

.    alolc1( 


XXXVlll  ANSWERS. 

XXII. 

1.     -02997,  a*+aq+p*.  2.  «62 

(a).(a-6)(8a-8&).   (b).x(x~l)(a- 
3.  62=4<ic.  (^).  (^~i~6)2«          5.  (#)  (daj  —  by}~*~ 
7.     (a)  £(a-f&+c),  (6),  f,  f,  2. 

(c).  6  — c,  c-a,  a-6.     (d).    -l±\/2. 

XXIII. 


5.     (2). 
8      &0 


12.     Coll.  to  Newmarket  63  milei. 

XXIV. 

1.     \^{(x-y}(y-z)(z-x}.     2.  3-m-w;  0.       8.  5,  3,  4£. 

4.  (1).  ^  =  6c-4-2«,  B  =  ac-+-2b,  C  =  ab+2c;  (2).  a2  +  &2=c2. 
11.     2/=±2,  a?=±5,  &c. ;  ica  -  10a;=  -  19  or  -16, 

— £      — i  4M 
/.  a;  =  8  or  3,  &c. ;  (6      ±a     )P-« 

XXV. 

1      b 

1.     (a3-3ic)---(a2-a;2);  1.       2.  —  -  —  -fts^+a)-^^2^2. 

5.  x*  -  2x  =  2,  x  =  3,  y  =  2 ;  -y  =  53-^-24,  &c.     6.  4  miles,  3  do. 
7.      ^-I-^-I-1.         8.  -     -       --      9.  7. 


AN  b  WEBS. 


XiXli 


10      1-f  --+7  + 


approximately; 


)>3       }  {1-6-11  ...  (5r-4)}-.|jL.      11.  }  and  -£. 

XXVI. 
2.     a-N/(rt&-<*2);  4.         3,   2,  ±,  or  i(-8±  v'S)  ;  aj+»/+a= 

v/(  (2+262),    ;.8  =  c+|/(a2+2&a),  &C.  ;  |(  -4+1/76). 
4.     3.         7.  ji?a-i-4+r3-i-27  =  0.  10.  (1  +  *)--(  1  -a;)2  - 


XXVII. 
1.     (lm-nk)*.  2.  (rt 

3.     (a-b)(b-c)  +  (b-c)(c-a}  +  (c-a 
(6-c)2  +  (c-^,)2.  4.  aj  =  aH 

5.     N/^6;  18  or  -2;  f-f3j.  7.  ^</ 


-r-2a;    «^-?/  =  (l-frt)(1-6)-;-(1- 

8.  —8  ;  0 

9.  m^ 


Owing  to  the  pressing  demand  for  the  issue  of  the  pres- 
ent edition  of  this  work,  the  Authors  have  been  unable  to 
furnish  solutions  to  the  problems  in  appendix,  in  time  for 
insertion.  Those  wishing  to  get  such  solutions,  will  be  sup- 
plied gratis,  either  direct  from  Publishers,  or  through  local 
Booksellers.  The  Publishers  will  feel  grateful  to  teachers 
should  they  kindly  point  out  errors  in  this,  or  any  other 
of  their  publications.  W.  J.  GAOR  &  Co. ,  Educational 
Publishers. 


XXXV111 

1.     -02997, 

7.     (a)  i(a 
(c).  b- 


ANSWERS. 

XXII. 

2.  ab* 

c-l)(a—b)(b-c)(a-c). 
5.  (a)  (ax-by)-s- 


(d).    -l±\/2. 
XXIII. 


(3a4- 21a?s  +  9a;- 6);    -382.         4.  a  =  a  +  2c,  ?/  = 
5.     (2).     ^-         7.  (1).  a+6+c.  (2),  1,  2,  3,  4.  (3),  0  or  TV 
^2-  l(3n+2).       11. 

^2       =()c 

12.     Coll.  to  Newmarket  63  milei. 

XXIV. 
1.     l^{(x-y)(y-z}(z-x).     2.  3-m-n;  0.       8.  5,  3, 


ANSWEBS.  XXXIX 


10   1+  -++7^*10'^2'71828  approximately  ; 


:-s-3       }  {1-6-11  ...  (5r-4)}  +  |JL.      11.  }  and  --J. 
XXVI. 

-a*)-,  4.         8.   2,  i,  or  ^(-3±  A/5)  ;  x 


4.     3.         7.     a-r-4r3^-27  =  0.  10. 


XXVII. 

1.     (lm-nk)*.  2.  (rt 

3.     (a-6)(6-c)  +  (6-c)(c-a)  +  (« 

(6-c)»  +  (c-«)».  4.  aj  =  a-*-(«s  +  68+ca),  &c. 

5.     N/^/6;  18  or  -2;  f  +  8j.  7. 


8.  —8;  G^-4 

9.  (wi+«)-j-2//m,  (w  —  wt)  -i- 


W.  J.  GAGE  &   CO'S, 

Tiot  nf  Udnpotinnol   Dnhlipotiniu 
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FOP  SCHOOLS  AND  COLLEGES. 


MATHEMATICS. 

PBICIi. 

HAMBLIN  SMITH'S  ARITHMETIC.-An  Ad- 
vanced treatise,  on  the  Unitary  System,  by  J. 
Hamblin  Smith,  M.A.,  of  Gonville  and  Cains  Col- 
leges, and  late  lecturer  of  St.  Peter's  College,  Cam- 
bridge. Adapted  to  Canadian  Schools,  by  Thomas 
Kirkland,  M.A.,  Science  Master,  Normal  School, 
Toronto,  and  William  Scott,  B.  A.,  Head  Master 
Model  School  for  Ontario,  6th  Edition $0  75 

KEY.— A  complete  Key  to  the  above  Arithmetic,  by      > 

the  Authors  2  00 

"I  consider  Hamblin  Smith's  Arithmetic  by  Kirkland  and 
Scott,  and  Hamblin  Smith's  Algebra,  with  appendix  by  Mr. 
Baker,  admirable  works,  far  better  adapted  for  use  in  our 
schools  and  for  private  study  than  anyother  similarworks  that 
I  know  of.  They  will  soon,  I  have  no  doubt,  supersede  text- 
books hitherto  used  in  our  schools,  as  they  have  already 
done  in  the  Gait  Collegiate  Institute."— Alex.  Murray,  M.A., 
Mathematicul  Master  Gait  Collegiate  Institute. 

KIRKLAND  &  SCOTT'S  ELEMENTARY 
ARITHMETIC.— An  Elementary  treatise,  on  the 
Unitary  System,  intended  as  an  introductory  text- 
book to  Hamblin  Smith's  Arithmetic,  by  Thomas 
Kirkland,  M.A.,  Science  Master  Normal  School, 
Toronto,  and  William  Scott.  B.A..  Head  Master 
Model  School,  for  Ontario ;  40th  thousand  within 

first  year  of  its  issue 0  25 

"  Introducing  Fractions  immediately  after  the  '  Simple 
Eules'  will  be  hailed  by  all  practical  teachers  as  a  step  in 
the  right  direction.  I  shall  advocate  the  exclusive  use  of 
your  work  in  all  elementary  schools,  as  my  past  experience 
enables  me  to  estimate  its  value  "— John  Macowi,  M.A., 
F.L.S.,  Rector  of  Albert  College  Grammar  School,  Belle- 
title.  , 


W.  J.  G  AGE  &  Go's  Educational  Series. 

PRICE. 

McLELLAN    &    KIRKLAND'S    EXAMINA-   , 
^TION   PAPERS  IN    AKITHME  1IC.— A    complete    v. 
"""  series  of  Problems,  designed  for  use  in  Schools  and 
c      Colleges,    and  especially    adapted   for    the  pre- 
paration of  candidates  for  Teachers'  Certificates, 
by  J.  A.  McLellan,  M.A.,  LL.D.,  Inspector  of  High 
Schools,  and    Thomas   Kirkland,   M.  A.,    Science 
Master  Normal  School,  Toronto.    4th  Edition 1  00 

McLELLAN     &    KIRKLAND'S    EXAMINA- 
'     TION  PAPERS— PAKT    I.— Containing   the   Ex- 
amination Papers  for  admission  to  High  Schools, 
and  for  Candidates  for  Third-Class  Teachers'  Cer- 
tificates        0  50 

HINTS  AND  ANSWERS  TO   McLELLAN  & 

KIRKLAND'S  EXAMINATION  PAPERS,  contain-        . 
ing  answers  to  Problems  and  Solutions  to  all  diffi- 
cult  questions.    Prepared    by   the  authors.    2nd 

Edition  1  00 

The  leading  American  Educational  Journal  (National 
Teachers'  Monthly)  says  of  McLellan  and  Kirkland's  Exam- 
ination Papers:— "In  our  opinion,  the  best  collection  of 
problems  on  the  American  Continent." 

SMITH    &    McMURCHY'S    ADVANCED    **' 
ARITHMETIC 0  50 

SMITH    &    McMURCHY'S    ELEMENTARY   Q  ^ 

McLELLAN'S     MENTAL    ARITHMETIC.- 

•    PART    I.    Containing    the     Fundamental    Rules, 

Fractions,  and  Analysis.    By  J.  A.  McLellan,  M.A., 

LL.D.,  Inspector  ol  High    Schools,  Ontario.    2nd 

Edition 0  30 

McLELLAN'S  MENTAL  ARITHMETIC.- 
PART  II.  By  the  same  author,  fully  treats  Per- 
centage in  its  various  applications,  General  Analy- 
sis, Stocks  and  Shares,  Interest,  Discount,  &c.,  Ac., 
and  gives  practical  solutions  of  almost  every  type 
of  question  likely  to  be  met  "with  in  any  treatise  on 

Arithmetic.    2nd  Edition 0  45 

"  His  treatment  of  the  subject  has  been  so  practical  and 
skillful   that  teachers  have  frequently  expressed  the  wish 
that  he  would  prepare  a  text-book  on  Mental  Arithmetic. 
The  volume  before  us,  Part  I.  of  the  work,  treats  systema- 
tically and  comprehensively  of  the  fundamental  rules,  frac- 
tions, analysis,  reduction,  &c.    It  contains  about  1,200  well 
graded  practical  problems.    We  can  recommend  the  book 
to  all  teachers  of  arithmetic." — Louden  Advertiser. 
JUVENILE   MENTAL    ARITHMETIC.  -  By 
x.   JoimF.  Stoddurd,  M.A 0  15 


W.  J   GAGE  &  Go's  Educational  Series 


PRICE. 

HAMBLIN  SMITH'S  ALGEBRA.-An  Elemen- 
tary Algebra,  by  J.  Hambliii  Smith,  M.A.,  of  Gon- 
'.  ville  and  Caius  Colleges,  and  late  Lecturer  at  St. 
Peter's  College,  Cambridge,  with  Appendix  by 
Alfred  Baker,  B.  A.,  Mathematical  Tutor,  University 
College,  Toronto  ......................................................  0  90 

KEY.—  A  complete  Key  to  Hamblin  Smith's  Algebra.  2  75 
"Arrangements  of  subjects  good;  explanations  and  proofs 
exhaustive,  concise  and  clear  ;  examples  for  the  most  part 
from  University  and  College  Examination  papers  are 
numerous,  easy  and  progressive.  There  is  no  better  Al- 
gebra in  use  in  our  High  Schools  and  Collegiate  Institutes." 
—George  Dickson,  B.A.,  Head  Master  Collegiate  Institute, 


0  30 


HAMBLIN    SMITH'S    EXERCISE    IN    AL- 

GEBRA.   PART    1  ..................................................    075 

GROSS'  ALGEBRA.-PART  II.  By  E.  J.  Gross, 
M.A.,  Fellow  of  Gonville  and  Caius  Colleges,  and 
Mathematical  Lecturer  at  Gerton  College,  Cam- 
bridge ................................................................  2  50 

HAMBLIN  SMITH'S  ELEMENTS  OF  GEO- 
METRY, containing  Books  I.  to  VI.,  and  portions 
of  Books  XI.  and  XII.,  of  Euclid  with  Exercises 
and  Notes,  byJ.  Hamblin  Smith,  M.A.,  &c.,  and 
Examination  Papers,  from  the  Toronto  and  McGill 
Universities,  and  Normal  School,  Toronto  ............  0  90 

HAMBLIN   SMITH'S    GEOMETRY.-BOOKS 

I.  and  II.,  with  Exercises,  &c  ................................. 

HAMBLIN    SMITH'S    GEOMETRY.-BOOKS 

II.  and  III.,  with   exercises,  &c  .............................    0  30 

POTTS'  EUCLID.—  Containing  the  first  six  books 
with  explanatory  notes  :  a  series  of  questions  on 
each  book  ;  and  a  selection  of  Geometrical  Exer- 
cises from  the  Senate,  House,  and  College  Exami- 
nation Papers  ;  with  hints  &c.,  by  Robert  Potts, 
M.A.,  Trinity  College,  with  Appendix  by  Thomas 
Kirkland,  M.  A.,  Science  Master  Normal  School. 
5()0th  thousand  .........................................................  0  50 

POTTS'  EUCLID.—  BOOKS  I.  and  II.,  with  Exer- 

cises .......................................................................    0  30 

POTTS'   EUCLID—  BOOKS  II.  AND  III.  with  Ex-    -' 
ercises  .....................................................................    0  30 

'I  shall  recommend  Pott's  Euclid  to  the  teachers  in 
training  as  a  book  of  invaluable  use."  —  W.  Crockett,  A.M., 
Principal  Normal  Training  School,  New  Brunswick. 


W.  J.  GAGE  &  Go's  Educational  Series. 

PBIOE. 

KIRKLAND'S  STATICS.— Au  Elementary  Treat- 
ise on  Statics.  By  Thos.  Kirkland.  M.  A.,  Science 
Master  Normal  School,  Toronto,  with  numerous 
examples  and  exercises  ;  principally  designed  for 
the  use  of  candidates  for  first  and  second  class  cer- 
tificates, and  for  the  Intermediate  Examination. 
4th  edition 1  00 

"  It  supplies  a  great  want  felt  by  those  preparing  for 
Teachers'  Certificates.  This— did  it  possess  no  other  merits 
—should  make  it  a  great  success.  It  is  by  far  the  best  text 
book  on  the  subject  for  the  schools  of  Ontario  I  have  seen." 
Geo.  Baptie,  M.  A.,  M.  D.,  Science  Master  Normal  School, 
Ottawa. 

HAMBLIN  SMITH'S  ST  ATICS.-EILEMENTABY 
STATICS.  By  J.  Hamblin  Smith,  M.  A.,  Gonville 
and  Caius  College,  and  late  lecturer  at  St.  Peter's 
College,  Cambridge,  with  appendix  by  Thomas 
Kirkland,  M.A.,  Science  Master,  Normal  School, 
Toronto  0  90 

HYDROSTATICS.—  ELEMENTAEY  HYDBOSTATICS. 
By  J.  Hamblin  Smith,  M.A.,  Gonville  and  Caius  Col- 
lege, late  lecturer  at  St.  Peter's  College,  Cambridge.  0  75 

KEY.— A  Key  to  Hamblin  Smith's  Statics  and  Hydro- 
statics in  one  volume  200 

TRIGONOMETRY.-ELEMENTABYTBIGONOMETBY. 

By  J.  Hambliu  Smith,  M.  A 1  25 

KEY  A  Key  to  Hamblin  Smith's  Elementary  Trigo- 
nometry " 2  60 


ENGLISH. 

MASON'S  ADVANCED  GRAMMAR.-Includ- 
ing  the  principles  of  Grammatical  Analysis.  By 
C.  P.  Mason.  B.A.,  F.G.P.,  fellow  of  University 
College,  London.  Enlarged  and  thoroughly  revised, 
with  Examination  Papers  added  by  W.  Houston, 
M.A.  27th  edition 075 

"  I  asked  a  grammar  school  inspector  in  the  old  country 
to  send  me  the  best  grammar  published  there.  He  imme- 
diately sent  Mason's.  The  chanters  on  the  analysis  of  dif- 
ficult sentences  is  f  itself  sufficient  to  place  the  work  far 
bevond  any  English  Grammar  hitherto  before  the  Canadian 
public."—/ Ilex.  Sims,  M.A.,  H  M.H.S.,  Oakwlle. 


\V.  J.  GAGE  &  Co-s  Educational  Series. 

PRICE. 

MASON'S  ENGLISH  GRAMMAR.-(Common 
School  edition)  with  copious  and  carefully  graded 
exercises,  243  pages  0  60 

MASON'S  OUTLINES  OP  ENGLISH  GRAM- 

MAB,  for  the  use  of  junior  classes 050 

ENGLISH  GRAMMAR  EXERCISES.-By  C. 

P. Mason.    Reprinted  from  Com.  Sch.  Edition     ....    0  30 

MILLER'S  SWINTQN'S  LANGUAGE  LES- 
SONS, (revised  edition),  adapted  as  an  introduc- 
tory text-book  to  Mason's  Grammar,  by  J.  A.  Mac- 
millan,  B.A.,  Ottawa  •  ollegiaie  Institute.     It  con- 
tains the  Examination  Papers  for  admission  to 
High  Schools,  and  teaches  grammar  and  composi- 
tion simultaneously.    5th  edition,  40th  thousand...    025 
"  In  accordance  with  a  motion  passed  at  the  last  regular 
meeting  of  the  County  of  Elgin  Teachers'  Association,  ap- 
pointing the  undersigned  a  Committee  to  consider  the  res- 
pective merits  of  different  English  Grammars,  with  a  view 
to  suggest  the  most  suitable  one  for  Public  Schools,  we  beg 
leave  to  report,  that,  after  fully  comparing  the  various  edi- 
tions that  have  been  recommended   we   believe  that  '  Mil- 
ler's Swinton's  Language  Lessons'  is  the  best  adapted  to  the 
wants  of  junior  pupils,  and  would  urge  its  authorization  on 
the   Government,   and   its  introduction   into   our   Public 
Schools."          (Signed,) 
A.  F.  BUTLEB,  Inspector. 
J.  MCLEAN,  Town  Inspector. 

J.  MILLAR,  M.  A.,  Head  Master  St.  Thomas  High  School. 
A.  STEELE,  B.A.,  Head  Master  Aylmer  High  School. 
N.  M.  CAMPBELL,  Head  Master  Co  of  Elgin  Model  School. 
It  was  moved  and  seconded  that  the  report  be  received 
and  adopted.    Carried  unanimously. 

NEW  ENGLISH  GRAMMAR.— In  three  parts-: 
Etymology,  Syntax  and  Analysis.  By  William 
Swinton,  A.  M.  Revised  by  J.  B.  Calkin,  M.  A., 
Principal  of  the  Normal  School,  Truro,  N.  S 0  50 

DAVIES'    INTRODUCTORY   ENGLISH 

GRAMMAR    025 

DAVIES'  NOTES  ON  5TH  READER— Liter- 
ary Extracts  selected  from  Book  V  of  the  author- 
ized series  of  Readers,  for  "Examination  in  Eng- 
lish Literature,"  of  candidates  for  third  class 
certificates,  with  notes  original  and  selected.  By 
H.  W.  Davies,  D.  D.  Principal  Normal  School, 
Toronto.  5th  edition  0  25 

MILLER'S  ANALYTICAL  AND  PRACTICAL 

GRAMMAR 0  W 


W.  J.  GAGE  &  Co's  Educational  Series.  '» 

PRICE. 

ANALYSIS  OF  THE  ENGLISH  LAN- 
GUAGE. By  I.  Plant  Fleming,  M.  A.,  D  C  L.  Part 
I.— Grammar.  Part  II.— Etymological  Derivations. 
Part  III. — Praxis.  With  corrections,  additions  and 

copious  indices 1  00 

"  It  is  the  best  book  I  have  ever  used  on  the  subject  during 

an  experience  as  a  teacher  of  two  years  in  Canada  and  eight 

in  English  Grammar  Schools."— Geo.   Wallace,  B.A.,  H.  M. 

H.  8.,  Weston. 

SPALDING'S  HISTORY   OF  ENGLISH 

LITERATURE— A  HISTORY  OF  ENGLISH  LITERA- 
TURE, with  an  outline  of  the  origin  and  growth  of 
the  English  language  ;  illustrated  by  extracts.  For 
schools,  acadainies  and  colleges.  By  Win.  Spald- 
ing,  A.  M.,  late  Professor  of  Logic,  Rhetoric  and 
Metaphysics,  in  the  University  of  St.  Andrew's. 
With  appendix  by  W.  Houston,  M.A.,  Examiner  in 
English  in  the  University  of  Toronto.  New  re- 
vised edition  0  90 

MACALLUM'S  NOTES  ON  4TH  READER. 
— Literary  Extracts  to  aid  pupils  in  preparing  for 
"  Examinations  in  English  Literature"  for  admis- 
sion to  High  Schools.  By  A.  Macallura,  M.A..LL.B., 
Inspector  of  Public  Schools,  Hamilton.  It  com- 
prises biographical  sketches  of  the  authors  from 
whom  the  selections  have  been  made,  notes,  gram- 
matical, critical,  &c.  5th  edition 0  25 

MILTON'S  PARADISE  LOST-BOOKS  I  &  II, 

with  notes  on  the  analysis,  and  the  scriptural  and 
classical  allusions,  a  glossary  of  difficult  words,  and 
a  Life  of  Milton.  By  C.  P.  Mason,  B.  A.,  F.  C.  P., 

fellow  of  University  College,  London 0  35 

"  Milton's  Paradise  Lost,  with  notes  by  Masoa,  possesses 
such  a  number  of  excellencies  that  it  deserves  to  come  into 
general  use  among  students  preparing  for  the  intermediate 
examinations  " — J.  Millar,  MA.,  Head  Master  High  School, 
St.  Thoinas. 

GOLDSMITH'S  TRAVELLER  AND  GRAY'S 

ELEGY.— With  introduction,  life  of  Goldsmith, 
argument,  and  notes;  by  C.  Sankoy,  M.A.,  Assis- 
tant Master  at  Marlborough;  and  wi^h  Johnson's 
life  and  notes  by  Francis  Storr,  M.A.,  Chief  Master 
of  Modern  Subjects  at  Merchant  Taylors'  School. 

Interleaved  edition.    Prico    .". 040 

GOLDSMITH'S  TRAVELLER.-With  ihti-ouuc- 
tion,  lite  of  the  author,  argument,  and  notes  ; 
by  C.  Sankey,  M.A.,  Assistant  Master  at  Marl- 
borough  College.  Interleaved  edition 0  30 


W.  J.  GAGE  &  Go's  Educational  Series. 

PB1CB. 

GOLDSMITH'S  TRAVELLER,  AND  GRAY'S 
ELEU Y. — In  one  volume ;  edited  by  the  Bev. 
E.  T.  Stevens,  M.  A,  Oxon,  joint  editor  of  "The 
Grade  Lesson-books,"  "  The  Useful  Knowledge 
Series,  etc.;  and  the  Rev.  D.  Morris,  B.A.,  London, 
author  of  "The  Class-Book  History  of  England," 
etc.  Interleaved  edition 0  40 

SCOTT'S  LADY  OF  THE  LAKE.-With  in- 
troduction, notes,  and  glossarial  index ;  by  R.  W. 
Taylor,  M.  A.,  Assistant  Master  at  Rugby  School,  and 
formerly  Fellow  of  St.  John's  College,  Cambridge. 
Interleaved  edition  040 

MORRISON'S  ENGLISH  COMPOSITION  — 

For  the  use  of  schools.    By  Thomas  Morrison,  M.A., 
Hector  of  the  Free  Church  Normal  School,  Glasgow    0  45 

CREIGHTON'S  EPOCHS  OF  ENGLISH 
HISTORY.— Edited  by  the  Eev.  M  Creighton,  M.A.. 
late  Fellow  and  Tutor  of  Mevton  College,  Oxford. 
Eight  volumes  in  convenient  and  cheap  form,  ad- 
apted to  Public  and  High  Schools.  Price  20c  each. 

THE  SERIES  CONSIST  OF: 
I.  Early  England  up  to   the   Norman   Conquest.     By 

Frederick  York-Powell,  M.A.     With  four  maps. 
II.  England  a  Continental  Power  from  the  Conquest  to 
Magna    Charta,   1066-1216.      By   Louise    Creighton. 
With  a  coloured  map  of  the  Dominion  of  the  Angevin 
Kings. 

III.  The  Rise  of  the  People,  and  Growth  of  Parliament, 

from  the  Great  Charter  to  the  Accession  of  Henry 
VII,  1215-1485.  By  James  Rowley,  M.A.,  Professor  of 
Mod.  Hist,  and  Lit.,  Univ.  Coll.  Bristol.  With  four 
maps. 

IV.  The  Tudors  and  the  Reformation,  1485-1603.    By  the 

Rev.  Mandell  Crejghton,  M.A.,  late  Fellow  and  Tutor 
of  Merton    College,  Oxford,  Editor   of  the  series. 
With  three  maps. 
V.  Struggle  against  Absolute  Monarchy,  from  1603  to  1688. 

By  Bertha  M.  Corderv. 

VI.  The  Settlement  of  the  Constitution  from  1689-1788.    By 
James  Rowley,  M.A.,  Professor  of  Modern  History 
and  Literature,  University  College,  Bristol. 
VII.  England  during  the  American  and  European  Wars, 
from  1789-1820.     By  O.  W.  Tancock,  M.A.,  Assistant 
Master  King's  School,  Sherborne,  Dorset. 
VIII.  Modern  England,  from  1820-1875.    By  Oscar  Browning, 

M.A.,  Fellow  of  King's  College,  Cambridge. 
"Amongst manuals  in  English  History  the  Epoch  Series io 
sure  to  take  high  rank." — Daily  Globe. 


W.  J.  GAGE  &  Go's  Educational  Series. 

PRICE. 

EPOCH  SERIES.— PAHT  1.    Containing  first  four 

of  Series  *»0  50 

EPOCH  SERIES.— PART  II.    Containing  last  four 

of  the  Series  0  80 

EPOCH  SERIES— COMPLETE,  in  one  volume...  1  00 

CREIGHTON'S  EPOCH  PRIMER  OF  ENG- 
LISH HISTORY.— An  introductory  volume  to 
"Epochs  of  English  History."  A  complete  sum- 
mary of  the  history  of  England,  in  140  pages. 
By  Mandell  Creighton.  M.  A.,  late  Fellow  and 

Tutor  of  Merton  College,  Oxford 0  30 

"  The  work  is  admirably  done,  and  it  will  no  doubt  obtain 
a  very  considerable  sale." — Athenceum. 

"  This  volume,  taken  with  the  eight  small  volumes,  con- 
taining the  accounts  of  the  different  epochs,  presents  what 
rnay  be  regarded  as  the  most  thorough  course  of  elementary 
English  History  ever  published. —  Aberdeen  Journal. 

PINNOCK'S    CATECHISM    OF    ENGLISH* 

HISTORY    0  10 

A  SCHOOL  MANUAL  OF  ENGLISH  COM- 

POSITION.For   advanced   classes   in   Academies, 
High  and  Public  Schools.   .By  William  Swinton 0  45 

REID'S  ENGLISH  DICTIONARY  of  the  Eng- 
lish language,  containing  the  Pronounciation,  Ety- 
mology, and  Explanation  of  all  words  authorized  by 
eminent  writers ;  to  which  are  added  a  vocabulary 
of  the  roots  of  English  words  and  an  accentedlist  of 
Greek,  Latin  and  Scripture  proper  names.  By 
Alexander  Reid,  A.M.,  Rector  of  the  Circus-place 
School,  Edinburgh ;  author  of  "  Rudiments  of  Eng- 
lish Composition,"  &c, ;  with  an  introduction  by 
Henry  Reid,  Professor  of  English  Literature  in  the 
University  of  Pennsylvania;  and  an  appendex 
showing  the  pronounciation  of  nearly  3,000  of  the 
most  important  geographical  names.  3rd  Canadian 

and  23rd  English  edition 1  00 

"  It  is  a  very  complete  and  useful  work."— Montreal  Daily 

Witness. 

UNIVERSAL      PRONOUNCING      POC1 
DICTIONARY  OF  THE  ENGLISH   LANGUA( 
— Founded  on  the  principles  of  Walker,  Webster, 
Worcester,  Johnston.  Goodrich  and  Porter. 0  20 

NATIONAL  PRONOUNCING  DICTIONARY   o  40 


W.  J.  GAGE  ft  Go's  Educational  Series. 

t    PBICE. 

CARPENTER'S  SPELLING  BOOK .'*....    0  10 

MAYOR'S  SPELLING-  BOOK 0  10 

GRAMMAR  OF  THE  LATIN  LANGUAGE, 
for  middle  and  higher  class  schools.  Ly  Leonard 
Schmitz,  LL.D.,  classical  examiner  in  the  Univer- 
sity of  London,  &c.  Canadian  copyright  edition..  0  75 

HEALTH  IN  THE  HOUSE.— Twentv-flve  lec- 
tures on  Elementary  Physiology  in  its  application 
to  the  daily  wants  of  man  and  animals,  delivered 
to  the  wives  and  children  of  working-men  in  Leeds 
and  Saltaire.  By  Catherine  M.  Bucton,  Member  of 
the  Leeds  School  Board  0  60 

N.B.—  Six  editions  of  the  above  were  sold  in  England  within 
six  montbs. 

CUTTER'S    1ST    BOOK    OP  PHYSIOLOGY   075 
ROSCOE'S  CHEMISTRY  PRIMER 0  30 

TEACHER'S  MANUAL  FOR  FREEHAND 
DRAWING  in  Primary  Schools.  By  Prof.  Walter 
Smith,  State  Director  of  Art  Education  for  Massa- 
chusetts   1  00 

TEACHER'S  MANUAL  FOR  FREEHAND 
DRAWING  in  Intermediate  and  Advanced  Classes. 
By  Professor  Walter  Smith,  State  Director  of  Art 
Education,  Massachusetts 1  25 

WALTER   SMITH'S  PRIMARY  DRAWING 

CARDS,  Series  No.  1 0  15 

WALTER  SMITH'S  PRIMARY  DRAWING 

CARDS,  Series  No.  2 0  15 

WALTER  SMITH'S  DRAWING  BOOK  (Inter- 
mediate Course)  No.  I  015 

WALTER  SMITH'S  DRAWING  BOOK  (Inter- 
mediate Course)  Ko.  2  0  15 

WALTER  SMITH'S  DRAWING  BOOK  (Inter- 
mediate Course)  No.  8 0  15 

"Prof.  Smith's  system  of  drawing  books  and  cards  pub- 
lished by  you  are  admirably  adapted  for  use  in  our  schools. 
I  hnve  had  them  in  use  for  some  time,  and  consider  them 
superior  to  all  others.  I  am  glad  you  have  published  them, 
and  fei  1  sure  they  will  soon  be  os  popular  in  Ontario  as  they 
are  in  the  United"  States  "— Wm.  Wilkinson,  M.A.,  Brantford 
Q&nforal  School. 


W.  J   GAGE  &  Co's  Educational  Series. 


PRICE. 

THE  BIBLE  AND  THE  SUNDAY  SCHOOL.— 

Containing  "Bible  Readings,"  addresses  and  out- 
line lectures  or.  How  to  study  the  Bible  and  How  f. 
to  conduct  Sunday  School  work,  from  29  of  the 
leading  Christian  workers  of  Canada  and  the  United 
States ;  also  Moody's Hints  on  Bible  Headings,  Mrs. 
Menzie's  plan  of  Bible  Marking,  Bagster's  Scripture 
Index,  Vincent's  Classification  of  Bible  Books, 
IJyman  Abbott's  "Bible  Interpretation,"  Craft's 
•"Beading  the  Bible  with  Kelish,"  &c.,171  pp.  Price 
— in  paper,  50  cents,  in  cloth 075 

GAGE  &  CO.'S  SERIES  OF  BLANKS. 

"  In  point  of  practical  utility  unrivalled."— W.  S.  Darrach, 
M.A .,  Inap.  P.  S.,  Cumberland,  Nova  Scotia. 

"  Supply  a  want  long  felt  bv  our  best  teachers."—  Wm.  Scott, 
S.A.,  Head  Master  Provincial  Model  School,  Ontario. 

"  I  am  going  to  introduce  them  into  my  school."— Eev.  E. 
M.  Mann,M.  -  .,  Principal  Bemrier\HigTi  School,  Quebec. 

CANADIAN  SERIES  OF  SPELLING 
BLANKS.— In  three  numbers.  No.  1.— Words. 
No.  2.— Words  and  Definitions.  No.  3.— Words, 
Definitions  and  Sentences each...  0  07 

COMPLETE  COMPOSITION  EXERCISE 
BOOKS.— In  three  numbers, for  junior  and  senior 
classes.  Nos.  1  and  2, 10  cents  each.  No.  3 015 

EXERCISE  BLANKS  FOR  GRAMMATICAL 

ANALYSIS.— Complete  in  four  numbers.  By  H. 
W.  Davis,  D.D.,  Principal  Normal  School  Toronto. 
Nos.  1  and  2  adapted  to  junior  and  intermediate 
classes ;  10  cents  each.  Nos  3  and  4  adapted  to  ad- 

vanoed  classes ;  each 015 

"Admirably  suited  to  supply  a  long-felt  want,  and  will 
save  teachers  a  large  amount  of  trouble  with  beginners.  I 
have  already  ordered  their  introduction.  Other  teachers  to 
whom  I  have  shown  them  are  unstinted  in  their  praises."— 
James  Smith,  M.A.,  Head  Master  High  School,  Cornwall. 

ELEMENTS  OF  STRUCTURAL  BOTANY, 

with  special  reference  to  the  study  of  Canadian 
plants.  By  John  Macoun,  M. A.,  F.L.S.,  Professor  of 
Botany  in  Albert  University;  and  H.  B.  Spotton, 
M.A.,  Head  Msster  of  Barrie  High  School.  Full 

illustrations  of  the  principal  Canadian  plants  1  flt 

In  Press  (Ready  First  September,  1879.) 
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THE  CANADA  SCHOOL  JOURNAL 

—HAS  .RECEIVED— 

An  Honorable  Mention  at  Paris  Exhibition,  1878. 
Recommended  by  the  Minister  of  Education  for  Ontario. 
Recommended  by  the  Council  of  Public  Instruction,  Qnebec. 
Recommended  by  Chief  Supt.  of  Education  New  Brunsivick. 
Recommended  by  Chief  Supt.  of  Education,  Nova  Scotia. 
Recommendedby  Chief  Supt.  of  Education,  Brit.  Columbia. 
Recommended  by  Chief  Supt.  of  Education,  Manitoba. 

THE  CANADA  SCHOOL  JOURNAL 

IS  EDITED  BY 

A  Committe&ofsome  of  Me  Leading  Educationists  in  Ontario. 
Assisted  by  able  Provincial  Editors  in  the  Provinces  of  Que- 
bec, Nova  Scotia,  New  Brunswick,  Prince  Edward  Island 
Manitoba,  and  British  Columbia,  thus  having  each  section  of 
the  Dominion  fully  represented. 

Contains  Twenty-four  Pages  of  Reading  Matter. 

Each  number  has  a  Portrait  and  Biographical  Sketch  of 
some  Leading  Educationist;  live  Editorials;  Contri- 
butions on  important  Educational  topics;  Selectious- 
Readings  for  the  School  Room  ;  and  Notes  and  News  from 
each  Province. 

PRACTICAL,  DEPARTMENT  will  always  contain  useful 
hints  on  methods  of  teaching  different  subjects. 

MATHEMATICAL  DEPARTMENT  gives  solutions  to  dif- 
ficult problems  also  on  Examination  Papers. 

OFFICIAL  DEPARTMENT  contains  such  regulations  r.s 
may  be  issued  from  time  to  time. 

Subscription,  $1.00  ,per  annum,  strictly  in  advance. 

A  Olnb  of  1,000  Subscribers  from  Nova  Scotia. 

EDUCATION  OFFICE, 

(Copy)  HALIFAX,  N.S.,  Nov.  16, 1878. 

Messrs.  ADAM  MILLER  -  CO.,  Toronto,  Ont. 

DEAB  SIES,— In  order  to  meet  the  wishes  of  our  teach- 
ers in  various  parts  of  the  Province,  and  to  secure  for  them 
the  advantage  of  your  excellent  periodical,  I  hereby  sub- 
scribe in  their  behalf  for  one  thousand  (1,000)  copies  at  club 
rates  mentioned  in  your  recent  esteemed  favor.  Subscrip- 
tions will  begin  with  January  issue,  and  lists  will  be  for- 
warded to  your  office  in  a  few  days.  Yours  truly, 

DAVID  ATJ/TSON,  Chief  Suirt.  of  Education. 


W.   J.   Gage   &   Go's   Manuals   for    Teachers. 

No.  1. 

Mistakes  in  Teaching-. 

By  J.  LAUGHLIN  HUGHES,  Supt.  of  Public  Sohools,SToronto. 
Toned  paper,  cloth  extra,  Pr       rOc. 


This  work  discusses,  in  a  terse  manner,  over  one  '  undred  of  the 
mistakes  commonly  made  by  untrained  or  inexperienc  xl  Teachers.  It 
is  designed  to  war. i  young  Teachers  of  the  errors  they  are  liable  to 
make,  and  help  th-  ol  :er  members  of  the  profes-ion  to  discard  what- 
ever methods  or  habits  may  be  preventing  their  highest  success. 

The  mistakes  are  arranged  under  the  following  heads:— 

1.  MISTAKES  IN  MANAGEMENT. 

2.  MISTAKES  IN  DISCIPLINE. 

3.  MISTAKES  IN  METHODS. 

4.  MISTAKES  IN  MANNER. 

"  "We  advise  every  tea  cher  to  invest  fifty  cents  in  the  purchase  of  this 
useful  volume."—  Ne w  England  Journal  of  Education. 


No.  2. 

Manual  of*  Penmanship. 

A  Handbook  inlended  to  accompany  Beatty's  system  of  Penmanship, 
containing  a  full  exposition  of  the  system. 


S.  G.  BEATTY,  late  Principal  of  Ontario  Business  College,  and  author  of 

"  Beatty's  Practical  Penmanship." 
A.  F.  MACDONALD,  Principal  of  Wellesley  School,  Toronto. 

CONTENTS. 

ORGANIZING  CLASSES. 

DISTRIBUTION  AND  COLLECTION  OP  WRITING  MATERIALS. 

POSI  riON,  PENHOLDING   RESTS  AND  MOVEMENTS. 

MOVEMENT  EXERCISES. 

COUNTING  IN  CONCERT. 

SPACING,  SLOPE,  SHADE,  &c. 

FORMATION,  ANALYSIS,  CRITICISM  OF  SMALL  AND  CAPITAL 

LETTERS. 
HINTS  TO  TEACHERS. 

Illustrated.    Price  50c. 


No.  3, 

Ho^v  to  Secnre  ancl  I^etain  Attention. 

By  J.  LAUGHLIN  HUGHES,  Supt.  of  Public  Schools,  Toronto. 

Printed  on  Toned  Paper,  Cloth  extra,  Price  50c. 
"  Admirably  exacuted."— Educational  Times,  London,  Eng. 
*'  Cannot  too  highly  commend  it."— Barnes'  Educational  Monthly. 


No.  4. 
IMannal  of  I>z»ill  and  Oalisthenie®. 

FOR  USE  IN  SCHOOLS. 

By  J.  L.  HUGHE3,  PubMc  School  Insp.,Tor.,  Graduate  of 
Military  School,  H.M.  29th  Regiment. 

Price  40c. 

"A  much  needed  manual."— Toronto  Globe. 

"A  most  valuable  book  for  every  Teacher,  particularly  In  country 
places.  It  em  braces  all  that  a  School  Teacher  should  teach  his  pupils 
on  this  subject.  Any  Teacher  can  use  the  easy  drill  lessons,  and  by 
doing  so  he  will  be  conferring  a  benefit  on  his  country."— C.  RAD- 
CLIFFE  DEARNLE Y,  Major  First  Life  Guards,  Drill  Instructor  Normal 
and  Model  Schools,  Toronto. 

W.  J.  GAGE  c&  CO.,  Educational  Publishers,  Toronto. 


New  Work,  Authorized  by  the  Education  Depart- 
ment in  Ontario  for  use  of  Teachers. 
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